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PREFACE. 


THE continued favour with which the book has been received in Great 
Britain has encouraged me to persevere in offering to American students 
a concise, and consequently low-priced, manual, designed to introduce 
them to the chief developments of analytical chemistry, from the simplest 
operations upwards, and including many organic questions generally over- 
looked in initiatory books. By working through it, a student will become 
familiar with a great variety of processes, and will then be in a position 
to use, with satisfaction, the more exhaustive treatises dealing with any 
special branch he may desire to follow. Originally written for the use 
of pharmaceutical students, it has, I hope, far passed the limits of a 
mere “examination” book, while not losing its value to them. Wherever 
the British processes were different from those of the U.S.P., they have 
been altered to suit that excellent and carefully compiled authority. In 
the first American edition the adaptation was done by the late Dr. Hamilton, 
and it was intended to place this one in the care of Dr. Bartley, of 
Brooklyn ; but his engagements having prevented this well-known authority 
from getting through the work in time, I have been obliged to do it myself, 
and, although conscious that I have thus lost a valuable collaborateur, I 
trust I have suited American requirements. 
J. M. 
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325, KENNINGTON RoApD, LONDON, S.E. 
July 1898. 
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PART “f. 


QUALITATIVE ANALYSIS. 


CHAPTER TI. 


THE PROCESSES EMPLOYED BY PRACTICAL CHEMISTS. 


Ir is advisable that the student should understand the razson @étre of the 
chief processes he will be called upon to employ, before commencing in detail 
the study of Analysis. 


I. SOLUTION. 


This process consists in leaving a solid body in contact with a fluid until 
it dissolves, heat being occasionally used. Bodies which refuse to dissolve 
in any particular fluid are said to be insoluble in it ; the liquid used is called 
the solvent, and sometimes the menstruum ; a liquid having taken up all the 
solid matier possible is said to be saturated. A knowledge of the solubility 
_ of various substances in the chief menstrua, such as water, acids, alkalies, 
alcohol, ether, chloroform, and glycerine, is of the utmost importance, because 
we are thus enabled to separate one body from another ; and, by attention to 
minute details, it is possible to part bodies which are soluble in the same 
menstruum, but in different degrees, the process being called fractional 
solution. In order to ascertain if any substance be soluble in any particular 
liquid, it is simply requisite to place it in the fluid, applying heat if necessary. 
A portion of the liquid is then poured off, and evaporated to dryness, when, 
if any of the solid be held in solution, it will remain as a visible residue. 
As a general rule, the higher the temperature to which a liquid is raised, the 
greater becomes its capacity for saturation. ‘There are, however, exceptions 
to this rule—notably that of calcium oxide, which is less soluble in boiling 
water than in cold. Many bodies, during solution, absorb so much heat that 
any substance placed in the liquid has its temperature remarkably reduced. 
Sodium sulphate, dissolved in hydrochloric acid, forms in this manner a very 
efficient refrigerant when snow or ice is not obtainable. 


II, LIXIVIATION AND EXTRACTION. 


These processes include the digestion of a mixture of solids in a fluid, so 
as to dissolve the soluble portion. The solids, in the form of powder, are 


I I 


2 . CHEMICAL PROCESSES. 


introduced into a vessel, and the water or other liquid having been added, 
the whole is well stirred. Remaining at rest until all the insoluble matter has 
subsided, the clear fluid, charged with all that was soluble in the mixture, is 
decanted, or drawn off by means of a syphon. 

When a substance is to be extracted by means of a readily volatile solvent, 
such as ether or chloroform, the arrangement used is that known 
as Soxhlet’s apparatus. This is illustrated in fig 1. A flask (a) 
is charged with the solvent. The substance (£) is put into a 
cartridge of filtering paper, and introduced into the Soxhlet tube 
(p); the latter is in turn connected with the upright condenser 
(c), through the jacket of which a stream of cold water is made 
to pass. Heat is now applied to the flask by a water bath, and 
the vapour of the ether, rising through B, condenses and drops 
on to the powder in the cartridge. When the instrument has 
become filled by the condensed solvent to the level of the 
top of F, it runs back into the flask, charged with the soluble 
matter that has been extracted. This process then repeats 
itself until the whole soluble portion has been extracted and Y 
transferred to the flask, which latter may then be attached to 
an ordinary condenser, and the solvent distilled off, leaving 
the soluble matters of the original powder in the flask. 
Resinous and sticky substances should be mixed with a 
little purified sand to prevent their clogging up the ap- 
paratus. 

Another method of extraction is that known as peccolation, 

a process much used in pharmacy. ‘The ap- 
2 


paratus employed is illustrated in fig. 2. The { 
upper portion (A) is the percolator, in which 
the powder to be extracted is tightly packed 
and the solvent having been poured upon it, 
the whole is allowed to macerate for some 
time. The stopcock (c) being then opened, Fig. 1. 

c the fluid gradually filters into the receiver (B), and more solvent is 
then poured on until the soluble portion of the contents of the 
percolator has been entirely transferred to the receiver. The con- 
necting tube is to prevent loss of volatile solvents. 


III. PRECIPITATION. 


This process consists in mixing the solutions of two substances 
so as to form a third substance, which, being insoluble in the fluids 
employed, sinks to the bottom, and is called the precipitate. The 
clear liquid which remains after the precipitate has settled down is called the 
supernatant liquid. ; 

When precipitates are totally insoluble in water (such as barium sulphate 
or argentic chloride), the operation is best conducted at a boiling heat, the 
high temperature causing the precipitate to aggregate, so that it subsides 
rapidly, and is less liable to pass through the pores of the filter. On the 
other hand, there are some precipitates which must never be heated, but be 
allowed to form slowly by standing in the cold for several hours. To this 
class belong ammonium-magnesium phosphate, and acid potassium tartrate. 
When it is desirable to cause precipitates to form quickly, resort may be 
had to stirring with a glass rod, so that it scrapes against the sides of the 
vessel. 

In qualitative analysis precipitation is usually conducted in test-tubes 


Fig. 2. 
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shown in fig. 3. These are kept in a stand (fig. 4) having holes for the 
reception of tubes actually in use, and also a row of pegs upon which freshly- 


Fig. 3. ig. Fig. 5. Fig. 6. 


washed tubes may be inverted to drain. Fig. 5 illustrates the appliance 
used to hold tubes when their contents are to be boiled, and fig. 6 shows the 
brush used for cleansing them. 

In quantitative analysis precipitation is generally performed in beakers. 
These are very thin tumblers made of glass, free from lead, and annealed so 
as to permit their use with boiling liquids without risk of fracture. 

Precipitates are separated from the supernatant liquor by one of two 
methods. First :— 


IV. DECANTATION, 


which consists in allowing the precipitate to settle to 
the bottom, and pouring off the clear liquor. This is QQ 
best done by the use of a glass rod held as shown in the ‘ 
illustration, fig. 7. Second :— 


V. FILTRATION, 


which consists in transferring the whole to a piece of folded filtering-paper 

or cloth placed in a funnel, so that the liquid passes through, while the 

precipitate remains. The liquor which has thus passed through the filter is 
called the filtrate. 

_ Specially prepared circular papers for filtration are sold, and they have only 

to be folded to fit the funnel for which they are destined. ‘The illustrations 


eid 


Fig. 8. Fig. 9. 


show, fig. 8 (A), the circle of paper, and (xB) the same as folded for use, while 
fig. 9 represents the whole arrangement ready for use. 


VI. DISTILLATION. 


When a liquid is converted into vapour by the aid of heat, and the vapour 
is passed through a cooling apparatus, called a condenser, its latent heat is 
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abstracted, and it is deposited as a liquid again. The process is called 
distillation. It is used to separate a volatile liquid from non-volatile substances. 
The liquid which passes over and is condensed in the receiver is called the 
distillate; while the non-volatile matter 
which remains in the retort is called the 
residue. Figure 1o shows the arrangement 


most commonly used in laboratories for 

LE small distillations. A is the retort in which 
WA the fluid is boiled, and B is called a Liebig’s 
condenser (through the jacket of which a 


stream of water is caused to pass), and 

beneath the end of this is placed a vessel 

; (c) for the reception of the distillate. By 

es careful attention to their boiling points, 

various volatile fluids may thus be separated from each other. Suppose, for 

example, that we have a mixture of three substances boiling respectively at 

80°, 100°, and 120°, and their separation is desired, we should introduce the 

mixture into a retort fitted with a thermometer, the bulb of which was placed 

just above the level of the fluid. The whole being then attached to the 

condenser, the heat would be gradually raised until the thermometer marked 

80°, and that temperature would be steadily maintained as long as anything 

continued to collect in the receiver. When this ceased, the receiver would 

be changed, the temperature raised to 100°, and the distillation continued 

until the second liquid had ceased to pass over. The receiver being once 

more changed, the heat would be again raised, and maintained until the last 

liquid had been obtained as a distillate. This process is called fractional 
distillation. 


VII. SUBLIMATION. 


When a solid is converted into vapour by heat, and again deposited un- 
changed in the solid form in a cooled vessel, it is said to have been subjected 
to sublimation. Sublimation is used to separate volatile from non-volatile 
solids, and is thus conducted :—The substance to be sublimed is thinly 
spread over the bottom of a shallow iron pan, covered with a sheet of bibulous 
paper perforated with numerous pin-holes, or with a piece of muslin. By 
means of a sand bath, the heat is slowly raised to the desired degree, when 
the vapour, passing through the strainer, condenses in a cap of wood or 
porcelain, lined with stout cartridge paper, previously placed over the heating- 
pan and kept cool. Fractional sublimation is often useful, and may be 
employed in a similar manner to fractional distillation. 


VIII. FUSION 


is the liquefaction of a solid by the aid of heat. It is usually carried out in 
a vessel called a crucible. For the purposes of analysis, fusion is generally 


conducted in porcelain, platinum, or silver crucibles, according to the nature 
of the substance under examination ; but alkalies should be fused only in 
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crucibles made of the latter metal. A peculiar kind of fusion, called cupella- 
tion, is resorted to in the assay of gold and silver bullion. The alloy to be 
assayed is wrapped in a piece of lead foil, and the whole is then heated in 
a little cup made of bone ash, called a cupel, when the lead, copper, etc., 
oxidise, fuse, and sink into the substance of the porous cupel, leaving the non- 
oxidisable metals as a metallic button, which may then be weighed. The 
illustration (fig. 11) shows a set of crucibles for fusion—a being of fire-clay ; 
B, a platinum crucible; c, one of porcelain; and bp, what is called Rose’s 
crucible, for heating substances in a current of hydrogen when it is desired to 
prevent access of air, or to produce rapid reduction to the metallic state. 


IX. EVAPORATION 


consists in heating a liquid until the whole, or as much of it as may be 
required, passes off in vapour. A solution thus treated until it has wholly 
passed into vapour is said to be evaporated to dryness, and any solid 
substance remaining is called the residue. 

Solutions containing organic or volatile bodies ought always to be evaporated 
on a water bath; that is, in a vessel exposed only to the heat of boiling 
water, in which the temperature must always be below 100° C. Evaporation 
may be conducted slowly, without raising the fluid to its boiling point, when 
it is called simply vaporisation; but when sufficient heat is applied, the 
evaporation takes place rapidly, and is accompanied by the disengagement of 
bubbles of vapour, and the fluid is then said to be in a state of ebullition. 
All liquids possess the continual desire, as it were, to pass into vapour, and 
the vapour formed endeavours to expand indefinitely ; the pressure which is 
thus exerted by the vapour on the sides of the vessel containing it, is called 
its tension, and is measured by the height of the column of mercury it is able 
to sustain. The more the liquid is heated, the greater becomes its tendency 
to vaporise, and consequently the more powerful is the tension of its vapour ; 
and when the latter is sufficiently marked to overcome the pressure exerted 
by the atmosphere and the cohesion of the liquid itself, ebullition takes place. 
The boiling point of a fluid is therefore ¢*he temperature at which the tension of 
its vapour just exceeds the pressure of the superincumbent atmosphere. If the 
pressure of the atmosphere be increased artificially, the boiling point of the 
liquid will rise in proportion. As steam under pressure can thus be obtained 
at high temperatures, it is made use of for the rapid evaporation of liquids on a 
large scale, by causing it to pass into a jacket surrounding the evaporating 
pan. The apparatus thus made use of is called a steam bath, the heat of 
which is officially understood to be about 110° C. 

If water be boiled in a chemically clean glass vessel, and more particularly 
if a precipitate be suspended in the water, the boiling does not take place 
regularly, but the liquid becomes heated above its boiling point, and suddenly 
rushes into vapour in gusts. This is called by practical chemists “ bumping,” 
and may be prevented by putting in a few fragments of platinum foil, the air 
condensed on the surface of which, acting as a nucleus, aids in the regular 
disengagement of the vapour. 


X. CRYSTALLISATION AND DIALYSIS. 


Many substances when dissolved in a boiling liquid separate out, as soon 
as the fluid cools, in masses having a well-defined and symmetrical shape, 
bounded by plain surfaces and regular angles. These bodies are named 
crystalline; the deposited masses, erystals; and the remaining solution, the 
mother liquor. Substances which are not susceptible of crystallisation are 
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called amorphous (7.¢., formless) bodies ; while solids, such as glue and gums, 
which are soluble in water and yet not crystallisable, are named colloids. 
Crystallisation may also occur during solidification after fusion, and by the 
spontaneous evaporation of liquids holding crystalline substances in solution. 
All crystalline bodies invariably assume the same forms, and may thus be 
unmistakably recognised from each other. The process is also useful for 
purification, as at the moment of crystallisation impurities are rejected, and 
may be poured off with the mother liquor. Many circumstances affect the 
size of the crystals produced in any solution; as a rule, the more rapidly 
crystallisation takes place, the smaller are the crystals. An example of the 
extreme variation in the size of the crystals produced from the same solution 
may be seen in ferrors sulphate. When allowed to deposit slowly, we have 
the ordinary well-marked commercial crystals ; but the same salt dissolved in 
boiling water, and the solution suddenly poured, with constant stirring, into 
spirit, gives granulated ferrous sulphate in crystals so minute that a lens is 
required to distinguish them. For the formation of large and well-defined 
crystals perfect rest is required, and it is often desirable to introduce pieces of 
wood or string so as to form nuclei on which the crystals collect. Good examples 
are seen in commercial crystallised sugar-of-milk and sugar-candy. Some bodies 
are capable of crystallising in two or more forms, and are called di- tri- or 
poly-morphous. Instances of this property may be seen in mercuric iodide 
and in sulphur. 

When crystalline substances exist in a solution together with uncrystallisable 
colloid bodies, their mutual separation is effected by dialysis. This process 
consists in introducing the mixture into a glass vessel having a bottom made 
of vegetable parchment: This, called the dialyser, is floated in a large 
quantity of distilled water in a basin. At the expiration of 
several hours the crystalline bodies will have passed through 
the parchment, and will have become dissolved in the water 
in the basin, while the colloids remain in the dialyser. This 
Nee ee process is sometimes employed for the separation of crystal- 
' \\) line poison, like strychnine, from the contents of a stomach. 
| The rapidity of the dialysis is greatly increased by causing 
ill in ua) @ Stream of water to pass through the outer basin, but of 
=“ course this is only applicable where it is desired to retain 
the colloid body and not the crystalloid, as in the manufacture 
of the preparation known as dialysed iron. The apparatus used is shown in 
the illustration (fig. 12), in which a is the dialyser containing the mixture, 
while B contains the water into which the crystalline matter passes. 


XI. ELECTROLYSIS 


is the decomposition of bodies by means of electricity. The current of 
electricity is obtained from a voltaic or galvanic cell or element, and a com- 
bination of several cells is termed a battery. Bunsen’s battery, which is very 
extensively used, consists of an outer cell or jar of glazed earthenware in 
which is placed a cylinder of zinc, an inner unglazed porous jar and a rod of 
carbon, both furnished with binding-screws for attaching wires to them. The 
acids used are dilute sulphuric around the zinc, and strong nitric in contact 
with the carbon in the inner cell. The upper end of the carbon rod is called 
the Aositive pole, while that of the zinc plate is the megative pole of the cell. 
The ends of the wires leading from these are called electrodes ; the wire from 
the carbon being the anode, and that from the zinc the kathode. On con- 
necting these electrodes, a current of electricity passes along the wire which 
is assumed to flow from the positive to the negative pole. Any compound 
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liquid which conducts electricity is called an electrolyte, and when the 
electrodes of a battery are immersed therein, it is decomposed into simpler 
bodies called “ions”; those thus formed at the anode being anions, and 
those liberated at the kathode being kathions. For instance, with a solution 
of HCl, Cl is given off at the anode, and H at the kathode, and the ions are 
the bodies thus directly liberated. Dealing with H,SO,, on the other hand, 
the first ions are Hg at the kathode, and SO, at the anode; the latter, 
however, at once splitting up into O (given off) and SO;, which re-forms 
H,SO, with the water present. 

Further reference to applications of electrolysis will be found in Chapter X., 
when the student arrives at quantitative analysis. It is also applied in a 
modified form in qualitative analysis to the separation of tin and antimony. 


XII. PYROLOGY. 


Under this name are included all processes of analysis depending for their 
action on the use of fire, or in other words, what are often called “ xeactions 
in the dry way.” ‘The chief instruments used are the Bunsen burner and 
the blowpipe. ‘The blowpipe is a tube with a narrow nozzle, by which a con- 
tinuous current of air can be passed into an ordinary flame. The ordinary 
gas flame consists of three parts: (a) A non-luminous nucleus in the centre ; 
(4) A luminous cone surrounding this nucleus ; and (c) An outer and only 
slightly luminous cone surrounding the whole flame. The centre portion (a) 
contains unaltered gas, which cannot burn for want of oxygen, that necessary 
element being cut off by the outer zones. In the middle portion (4) the gas 
comes in contact with a certain amount of oxygen, but not enough to produce 
complete combustion ; and therefore it is chiefly the hydrogen which burns 
here, the carbon separating and, by becoming intensely ignited, giving the 
light. In the outer zone (c) full combustion takes place, and the extreme 
of heat is arrived at, because chemical action is most intense. The outer 
flame therefore acts readily on oxidisable bodies, because of the high tem- 
perature and the unlimited supply of air, while the luminous zone tends to 
take away oxygen by reason of the excess of unburned carbon or hydrocarbons 
therein existing. For these reasons the former is called the oxidising flame, 
and the latter the reducing flame. The effect of blowing air across a flame is, 
first, to alter the shape of the flame, which is at once lengthened and nar- 

rowed ; and, in the second place, to extend the sphere of 
or ma combustion from the outer to the inner part (see fig. 12 a). 

As the latter circumstance causes an increase of the heat of 

Fig. 124. the flame, and the former a concentration of that heat within 
narrower limits, it is easy to understand the great heat of the 

blow-pipe flame. The way of holding the blowpipe and the strength of the 
blast always depends upon whether the operator wants a reducing Or an 
oxidising flame. The reducing flame is produced by keeping the jet of the 
blowpipe just on the border of a tolerably strong gas flame, and driving a 
moderate blast across it. The resulting mixture of the air with the gas is only 
imperfect, and there remains between the two parts of the flame a luminous 
and reducing zone, of which the hottest point lies somewhat beyond the apex 
of the inner cone. To produce the oxidising flame, the gas is lowered, the 
jet of the blowpipe pushed a little farther into the flame, and the strength of 
the current somewhat increased. This serves to effect an intimate mixture 
of the air and gas and an inner pointed, bluish cone, slightly luminous 
towards the apex, is formed, and surrounded by a thin, pointed, light-bluish, 
barely visible mantle. The hottest part of the flame is at the apex of the 
inner cone. Difficultly fusible bodies are exposed to this part to effect their 
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fusion; but bodies to be oxidised are held a little beyond the apex, that 
there may be no want of air for their combustion. 

The current is produced by the cheek muscles alone, and not with the 
lungs. ‘The way of doing this may be easily acquired by practising for some 
time to breathe quietly with puffed-up cheeks and with the blowpipe between 
the lips; with practice and patience the student will soon be able to produce 
an even and uninterrupted current. 

The supports on which substances are exposed to the blowpipe flame are 
generally either wood charcoal, or platinum wire or foil. 

Charcoal supports are used principally in the reduction of metallic oxides, 
etc., or in trying the fusibility of bodies. The substances to be operated 
upon are put into small conical cavities scooped out with a 
penknife. Metals that are volatile at the heat of the reducing 
Ue flame evaporate wholly or in part upon the reduction of their 

Ko) oxides ; in passing through the outer flame the metallic fumes 

, bi oy are re- oxidised, and the oxide formed is deposited around the 
portion of matter upon the support. Such deposits are called 
incrustations. Many of these exhibit characteristic colours 
leading to the detection of the metals. Thoroughly burnt and 
smooth pieces of charcoal only should be selected for supports in blowpipe 
experiments, as imperfectly burnt and knotty pieces are apt to spirt and throw 
off the matter placed on them. The method of employing a charcoal support 
is shown in fig. 124. 

The great use of charcoal lies (1) in its low degree of conductivity ; (2) its 
porosity, which causes it to absorb many fusible bodies and leave infusible 
ones upon its surface ; and (3) its power of aiding the effects of the reducing 
flame. 

Platinum wire and foil are used for supports in the oxidising flame, and 
the former is specially employed for trying the action of fluxes and the colour 
communicable to the blowpipe or Bunsen flame. The platinum wire, when 
employed for making beads of borax or other fluxes, should be about 3 to 4 
inches long, with the end twisted into a small loop. The loop is then heated, 
and dipped-while hot in the powdered borax, when it takes up a quantity, 
which is then heated till it fuses to a clear bead formed within the loop. 
When cold, this bead is moistened, dipped in the powder to be tested, and 
again exposed to the flame, and the effect noted. For trying the colour 
imparted to the flame by certain metals, the wire is first cleaned by boiling 
in dilute nitric acid and then holding it in the flame until no colour is 
obtained. ‘The loop is then dipped in the solution to be tested, and held 
near the flame till the adhering drop has evaporated to dryness, and then 
heated in the mantle of the flame near the apex of the inner cone, and the 
effect observed. 

The Bunsen burner consists of a tube having at its base a series of 
holes to admit air, and also a small gas delivery tube. By means of 
this contrivance the gas is mixed with air before it burns and more 
perfect oxidation, and consequently much greater heat, is secured. 
Looking attentively at the flame of a Bunsen burner, we distinguish in 
9 jt an inner part and two mantles surrounding it. The inner part 
corresponds to the dark nucleus of the common gas flame, and con- 
tains the mixture of gas and air issuing from the burner. The mantle 
immediately surrounding the inner part contains still some unconsumed 
carbide of hydrogen; the outer mantle, which looks bluer and less 
luminous, consists of the last products of combustion. The Bunsen 
Fig. x2¢. flame is illustrated in fig. 12¢. In it vo and Lo are respectively the 
spper and lower oxidising flames, and uR and LR the upper and lower 
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reducing ones, zF is the zone of fusion and is the hottest part, having a 
temperature (according to Bunsen) of 2,300°C. The spot where the reduc- 
ing action is the most powerful and energetic lies immediately above the apex 
of the inner part of the flame. The Bunsen flame brings out the coloration 
which many substances impart to flames, and by which the qualitative analyst 
can detect many bodies, even though present in such minute quantities that 
all other means of analysis except the spectroscope fail to discover them. 
The subject of the coloration of flames will be discussed fully under eac* 


metal. 
XIII. PREPARATION OF SULPHURETTED HYDROGEN. 


This is done by acting upon ferrous sulphide with dilute sulphuric acid. 
The illustration (fig. 13) shows the apparatus. The ferrous sulphide, broken 
into lumps the size of a nut, is placed in the generating bottle (a), and 
dilute sulphuric acid is poured in by the funnel (c) in small quantities as 
required. B is a bottle containing distilled water, through which the gas 


Fig. 15. 


passes to free it from any traces of acid mechanically carried over. Owing to 
the disagreeable odour, it is desirable to have special appliances, by means of 
which the evolution of the gas can be stopped as soon as it has done the work 
required. Such an apparatus for use in a large laboratory is that of Kipps 
. (fig. 14) ; and one suitable for use by a single student is that of Van Babo 
fig. 15). Both illustrations sufficiently explain themselves, 


CHAPTER IL. 
DETECTION OF THE METALS. 


For the purposes of qualitative analysis we employ certain chemicals, either 
in the solid or liquid state, which by producing given effects enable us to 
detect the existence of the substance searched for. These substances are 
always kept ready for use, and are called reagents. They are of three classes: 
ist, Group reagents, which, by yielding a precipitate under certain condi- 
tions, prove the substance to be a member of a certain group of bodies; 
2nd, Separatory reagents, by means of which the substance under examination 
is distinguished from the other members of the group; 3rd, Confirmatory 
reagents, by which the indications previously obtained are confirmed and 
rendered certain. 

The Metals are divided into five groups, each of which has its group 
reagent, as follows :— 

Group 1. Metals the chlorides of which, being insoluble in water, are precipi- 
tated from their solution by the addition of hydrochloric acid. They 
are silver, mercurous mercury, and lead (the latter in cold strong 
solutions only). ) 

Group 2. Metals the sulphides of which, being insoluble in dilute hydro- 
chloric acid, are precipitated from their solutions by the addition of 
sulphuretted hydrogen in the presence of hydrochloric acid. This 
group includes mercury, lead, bismuth, copper, cadmium, antimony, 
tin, gold, platinum, and the metalloid arsenic, and is divided into two 
sub-groups, as follows :— 

A. Metals the sulphides of which are insoluble in both dilute 
hydrochloric acid and ammonium sulphide. . The precipitated sul- 
phides separated by sulphuretted hydrogen are therefore insoluble, 
after washing, in ammonium sulphide. They are mercury, lead, 
bismuth, copper, and cadmium. 

B. Metals the sulphides of which, although insoluble in dilute acids, 
are dissolved by alkalies, and the precipitates from their solutions 
by sulphuretted hydrogen therefore dissolve in ammonium sulphide. 
They are gold, platinum, tin, antimony, and arsenic. 

Group 3. Embraces those metals the sulphides of which are soluble in dilute 
acids, but are insoluble in alkalies, and which consequently, having 
escaped precipitation in Group 2, are now in turn precipitated by 
ammonium sulphide. They are iron, nickel, cobalt, manganese, and 
zinc. In this group are likewise included aluminium, cerium, and 
chromium, which are precipitated as hydrates by the alkalinity of the 
ammonium sulphide. Magnesium would also be precipitated as 
hydrate, but, as that would be inconvenient at this stage, its precipi- 
tation is prevented by the addition of ammonium chloride, in which 
its hydrate is soluble. 
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Group 4. Comprises metals the chlorides and sulphides of which, being 
soluble, escape precipitation in the former groups, but the carbonates 
of which, being insoluble in water, are now precipitated by ammonium 
carbonate. They are barium, strontium, and calcium. Magnesium 
is not precipitated as carbonate, owing to the presence of the ammonium 
chloride already added with the sulphide in Group 3. 

Group 5. Includes metals the chlorides, sulphides, and carbonates of which, 
being soluble in water or in ammonium chloride, are not precipitated 
by any of the reagents already mentioned. They consist of magne- 
sium, lithium, potassium, sodium, and ammonium. 

As the analytical grouping of the metals is undoubtedly one which is most 
important to the student for practical purposes, we shall adhere to this 
arrangement in giving the methods for their detection. 


GROUP I. 


Metals precipitable as chlorides by the addition of hydrochloric acid to 


their solutions. 
I. SILVER (Ag). 
(a) WET REACTIONS. 
(To be practised upon a solution of argentic nitrate—AgNO3.) 


1. Hydrogen chloride (Aydrochloric acid)—HC1 (1st group reagent)—or any 
soluble chloride gives a curdy white precipitate of argentic chloride— 
AgCl—insoluble in boiling nitric acid, but instantly soluble in ammo- 
nium hydrate. It is also soluble in KCN, Na,S,O;, and in strong 
solutions of soluble chlorides. 

2. Potassium hydrate—KHO—or sodium hydrate—NaHO—both produce 
a brownish precipitate of argentic oxide—Ag,O—insoluble in excess. 
A similar effect is produced by the hydrates of barium, strontium, and 
calcium. 

3. Potassium chromate—K,Cr0,—gives a red precipitate of argentic chromate 
—Ag,CrO,—soluble in large excess of both nitric acid and ammonium 
hydrate ; and therefore the solution should always be as neutral as 
possible. 


- 4. Hydrogen sulphide—H,S—and ammonium hydrogen sulphide—NH,HS— 


both produce black argentic sulphide—Ag,S—insoluble in excess, 
both soluble in strong boiling nitric acid. 

5. Potassium iodide—KI—and potassium bromide—KBr—both produce 
curdy precipitates, the former yellow argentic iodide—AgI— insoluble in 
ammonium hydrate, and the latter argentic bromide—Ag Br—dirty-white 
and slowly soluble in ammonium hydrate. 

6. Potassium cyanide—KCN—gives a curdy-white precipitate of argentic 
cyanide—AgCN—readily soluble in excess, and also in boiling strong 
nitric acid. 

7. Many organic salts, such as formates and tartrates, boiled with solutions of 
silver, precipitate the metal as a mirror on the tube. 

8. Fragments of copper, zinc, iron, and tin, introduced into a solution of 
silver, all precipitate the metal. 


(4) DRY REACTION. 
(To be practised on argentic oxide—Ag,0.) 


Mixed with sodium carbonate and heated on charcoal before the blowpipe, 
a bead of silver is formed, hard, glistening, and soluble in nitric acid, yielding 
solution of argentic nitrate to which the wet tests may be applied. 
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II. MERCUROSUM (Hg). 
(a) WET REACTIONS. 


(To be practised on a solution of mercurous nitrate—Hg (NO,) prepared by 
acting upon a globule of mercury with cold and dilute nitric acid.) 


t. HCl (1st group reagent) gives a white precipitate of mercurous chloride,— 
HgCl—turned to black di-mercurous-ammonium chloride—N H,Hg.Cl 
—by ammonium hydrate. It is also insoluble in boiling water, but 
soluble in strong nitric acid, being converted into a mixture of mercuric 
chloride—HgCl,—and mercuric nitrate—Hg(NO,),. 

2. KHO and NaHO both give black precipitates of mercurous oxide—Hg,O— 
insoluble in excess. 

3. Ammonium hydrate—NH,HO—produces a black. precipitate of dimer- 
curous-ammonium nitrate—N H,Hg,NO,;H,O—also insoluble in excess. 

4. Stannous chloride—SnCl,—boiled with the solution causes a grey precipitate 
of finely divided mercury, which, if allowed to settle, and then boiled 
with hydrochloric acid and some more stannous chloride, aggregates 
into a globule. 

5. KI gives a green precipitate of mercurous iodide— Hgl. 


(4) DRY REACTION. 
(To be tried upon mercurous iodide.) 


Mercurous compounds when heated first break up into the corresponding 
mercuric salt and metallic mercury, and finally sublime unchanged. 


III. LEAD (Pb). 
(2) WET REACTIONS. 
(To be practised on a solution of plumbic acetate—Pb(C,H,0,)».) 


1. HCl (1st group reagent) forms in cold strong solutions a white precipitate 
of plumbic chloride—PbCl,;—soluble in boiling water. 

2. HS after acidulation by HCl (2nd group reagent) gives a black precipitate 
of plumbic sulphide—PbS—insoluble in ammonium sulphide. By 
treatment with boiling strong nitric acid it is decomposed, partly into 
plumbic nitrate, but chiefly into insoluble plumbic sulphate. It is 
entirely dissolved by hot dilute nitric acid with separation of sulphur. 

3. Hydrogen sulphate (su/phuric acid)—H,S0,—gives a white precipitate of 
plumbic sulphate—PbSO,—slightly soluble in water, but rendered 
entirely insoluble by the addition of a little alcohol. It is decomposed 
by boiling strong hydrochloric acid, and is also freely soluble in 
solutions of ammonium acetate or tartrate, containing an excess of 
ammonium hydrate. 

4. K;Cr0, gives a yellow precipitate of plumbic chromate—PbCrO,—insoluble 
in acetic and very dilute nitric acids, but soluble in strong boiling 
nitric acid. 

5. KI gives a yellow precipitate of plumbic iodide—PbI,—soluble in 33 parts 
of boiling water, and crystallising out on cooling in golden scales. 

6. KHO and NaHO both cause white precipitates of plumbic oxy-hydrate— 
(PbO), Pb(HO):—soluble in excess, forming potassium or sodium 
plumbates--K,PbO, and Na,PbOs. 

7. NH,HO causes a white precipitate of a white basic nitrate—Pb(NO;HO)— 
insoluble in excess. 

8. KCN produces a white precipitate of plumbic cyanide—Pb(CN),—insoluble 
in excess, but soluble in dilute nitric acid. 
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9. Alkaline Carbonates cause a precipitate of (PbCO;),Pb(HO);—“ white 
lead ”—insoluble in excess, and also in potassium cyanide. 
10. Fragments of zinc or iron in the presence of a little acetic acid cause the 
separation of metallic lead in crystalline laminz. 


(3) DRY REACTION. 
(To be practised on red lead—Pb,O,, or litharge—PbO.) 


Heated on charcoal in the inner blowpipe flame, a bead of metallic lead is 
formed, which is soft and malleable, and soluble in dilute nitric acid. The 
solution thus obtained gives the wet tests for lead. 


GROUP II. 


Metals which are not affected by acidulation with hydrochloric acid, but are 
precipitated by passing sulphuretted hydrogen through the acidulated solution. 


DIVISION A. 


Metals which, when precipitated by sulphuretted hydrogen as above, yield 
sulphides insoluble in ammonium sulphide. 


I. MERCURICUM (Hg).” 
(2) WET REACTIONS. 


(To be practised on a solution of mercuric chloride—HgCl,.) 


1. HS after acidulation by HCl (2nd group reagent) gives a black precipitate 
of mercuric sulphide—HgS—insoluble in ammonium sulphide and 
nitric acid, and only soluble in nitro-hydrochloric acid. Care must be 
taken that the sulphuretted hydrogen is passed really in excess, and 
that the whole is warmed gently, as unless this be done, the precipitate 
is not the true sulphide, but a yellowish-brown dimercuric sulpho- 
dichloride—Hg,SClz. Although insoluble in any single acid, mercuric 
sulphide may be caused to dissolve in hydrochloric acid by the addition 
of a crystal of potassium chlorate. 

2. KHO or NaHO both give a yellow precipitate of mercuric oxide—HgO— 
insoluble in excess. 

3. NH,HO produces a white precipitate of an insoluble mercuric-ammonium » 
chloride—(NH,Hg)Cl—also insoluble in excess. 

4. KI yields a red precipitate of mercuric iodide, soluble in excess both of 
the precipitant and the mercuric salt. 

5. SnCl,, boiled with a mercuric solution, first precipitates mercurous chloride, 
and then forms metallic mercury, as in the case of mercurosum 
compounds. 

6. Alkaline Carbonates (except ammonium carbonate) produce an immediate 
reddish-brown precipitate of mercuric oxy-carbonate. 

7. Fragments of Cu, Zn, or Fe precipitate metallic mercury in the presence 
of dilute hydrochloric acid. 


(4) DRY REACTION. 


(To be tried on mercuric oxide—HgO—and on “ Ethiops mineral ”—HgS.) 


All compounds of mercury are volatile by heat ; the oxide breaking up into 
oxygen and mercury, which sublimes, while the sulphide sublimes unaltered 
unless previously mixed with sodium carbonate or some reducing agent. 
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II. BISMUTH (Bi). 
(a) WET REACTIONS. 


(To be practised upon bismuth subnitrate, dissolved in water by the aid of 
the smallest possible quantity of nitric acid, and any excess of the latter 
carefully boiled off. This solution will then contain bismuth nitrate— 
Bi(NO,)s. 

1. H,S after acidulation by HCl (2nd group reagent) gives a black precipitate 
of bismuth sulphide—Bi,S,—insoluble in ammonium sulphide, but 
soluble in boiling nitric acid. 

2. H,SO, gives no precipitate (distinction from lead). 

. NH,HO, KHO, and NaHO, all give precipitates of white bismuthous hydrate 
Bi(HO),—insoluble in excess, and becoming converted into the yellow 
oxide—Bi,O,—on boiling. : 

4. Water—H,0—in excess to a solution in which the free acid has been as 
much as possible driven off by boiling, gives a white precipitate of a 
basic salt of bismuth. This reaction is more delicate in the presence 
of hydrochloric than of nitric acid ; and the precipitate, which is in this 
case bismuth oxy-chloride—BiOCl—is insoluble in tartaric acid (dis- 
tinction from antimonious oxy-chloride). 

5. K,Cr0, yields a yellow precipitate of bismuth oxy-chromate—Bi,O,CrO,— 
soluble in dilute nitric acid, but not in potassium hydrate (distinction 
from plumbic chromate). 

KI gives brown bismuthous iodide, soluble in excess. 

7. Alkaline Carbonates give white precipitates of bismuth oxy-carbonate, 

insoluble in excess. 

8. Fragments of zinc added to a solution of bismuth cause a deposit of the 
metal as a dark grey powder. 


(t) DRY REACTION. 
(To be practised upon dismuth subnitrate.) 


Mixed with sodium carbonate—Na,CO,—and heated on charcoal before the 
blowpipe, a hard bead of metallic bismuth is produced, and the surrounding 
charcoal is incrusted with a coating of oxide, deep orange-yellow while hot 
and pale yellow on cooling. 


III. COPPER (Cu.) 
(2) WET REACTIONS. 
(To be practised with a solution of cupric sulphate—CuSO,.) 


1. HS after acidulation with HCl (2nd group reagent) forms a precipitate of 
brownish-black cupric sulphide—CuS—which is nearly insoluble in 
ammonium sulphide, but soluble in nitric acid. Its precipitation is 
prevented by the presence of potassium cyanide (distinction from 
cadmium). When long exposed to the air in a moist state, it oxidises 
to cupric sulphate and dissolves spontaneously. 

2. NH,HO causes a pale blue precipitate instantly soluble in excess, forming a 
deep blue solution of tetrammonio-cupric sulphate—(NH,)4CuSO,4H,O. 

3. Potassium ferrocyanide—K,Fe(CN),—-yields a chocolate-brown precipitate 
of cupric ferrocyanide—Cu,Fe(CN),. This test is very delicate, and 
is not affected by the presence of a dilute acid, but does not take place 
in an alkaline liquid. 

4. KHO or NaHO precipitates light-blue cupric hydrate—Cu(HO),— insoluble 
in excess, but turning to black cupric oxy-hydrate—(CuO):Cu(HO).— 
on boiling. 
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5. Potassium sodium tartrate (Rochelle sal#)—KNaC,H,0,—and NaHO added 
successively, the latter in excess, produce a deep blue liquid (Fehling’s 
solution), which, when boiled with a solution of glucose (grape sugar) 

deposits brick-red cuprous oxide—Cu,0O. 

6. The Alkaline Carbonates precipitate Cu(HO),CuCOs. 

7. Fragments of zinc or iron precipitate metallic copper from solutions 
acidulated with HCl. 

(6) DRY REACTIONS. 
(To be practised upon cupric oxide—CuO—or verdigris—Cu,0(C,H,0,),.) 

1. Heated with Na,CO3 and KCN on charcoal, in the inner blowpipe flame, 
red scales of copper are formed. 

. Heated in the borax bead before the outer blowpipe flame, colours it green 
while hot and blue on cooling. By carefully moistening the bead with 
SnCl, and again heating, this time in the inner flame, a red colour is 
produced. 


IV. CADMIUM (Cd). 
(a) WET REACTIONS. 


(To be practised with a solution of cadmium iodide—CdI,.) 


1. HS after acidulation with HCl (2nd group reagent) gives a yellow precipi- 
tate of cadmium sulphide—CdS—insoluble in ammonium sulphide, 
but soluble in boiling nitric acid. This precipitate does not form 
readily in presence of much acid; but its production is not hindered 
by the addition of potassium cyanide (distinction from copper). 

. NH,HO produces a white precipitate of cadmium hydrate—Cd(HO),— 
soluble in excess. 

3. KHO or NaHO both give precipitates of cadmium hydrate—Cd(HO),— 

insoluble in excess (distinction from zinc). 

ine Carbonates precipitate cadmium carbonate—CdCO;—insoluble 


in excess. 
(4) DRY REACTION. 
(To be practised on cadmium carbonate—CdCO,.) 


tb 


. 


Heated on charcoal before the blowpipe, a brownish incrustation of oxide 
is produced, owing to reduction of the metal and its subsequent volatilisation 
and oxidation by the outer flame. 


DIVISION B. 


Metals which are precipitated by sulphuretted hydrogen in the presence of 
hydrochloric acid, but yield sulphides which are soluble in ammonium sulphide. 


I. ARSENIC (As). 
(a) WET REACTIONS. 


(To be practised with a solution of arsenious anhydride in boiling water 
slightly acidulated by hydrochloric acid.) 


1. HS, after acidulation with HCl, causes a yellow precipitate of arsenious 
sulphide—As,S;—-soluble in ammonium sulphide, forming ammonium 
sulpharsenite—(NH,),AsS,—but insoluble jn strong boiling hydro- 
chloric acid (distinction from the sulphides of Sb and Sy, This 
precipitate is also soluble in cold solution of commercial carbonate of 
ammonia (distinction from the sulphides of Sb, Sn, Au, and Pt). Dried 
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and heated in a small tube with a mixture of Na,CO, and KCN, it 
yields a mirror of arsenic. (Detects 1 part of As in 8000.) 

2. Boiled with KHO and a fragment of Zine, arseniuretted hydrogen—AsH;— 
is evolved, which stains black a paper moistened with solution of 
argentic nitrate and held over the mouth of the tube during the ebul- 
lition (#let¢mann’s test). 

3. Boiled with + of its bulk of HCl anxd a slip of Copper, a grey coating is 
deposited on the copper of cupric arsenide. On drying the copper 
carefully, cutting it into fragments, and heating in a wide tube, a 
crystalline sublimate of arsenious anhydride—As,O,— 
is obtained, which, when examined by a lens, is seen to 
be in octohedral crystals, and, when dissolved in water, 
gives a yellow precipitate of argentic arsenite—Ag,AsO, 
—with solution of ammonio-nitrate of silver (Retnch’s 
test), (Detects 1 part As in 40,000.) 

4. Placed in a gas bottle furnished with a jet (illustrated in 
the margin), together with dilute sulphuric or hydro- 
chloric acid and a few fragments of zinc, arseniuretted 
hydrogen—AsH;—is evolved, which may be lighted 
at the jet, and burns with a lambent flame, producing 

As,O;. Ifa piece of cold porcelain be held in the flame, dark spots of 

arsenic are obtained, readily volatile by heat and soluble in solution 

of chlorinated lime (AZarsh’s test). (Detects 1 part As in 200,000,000.) 


NVote.—For reactions of arsenites and arseniates, see Acid Radicals. 


(2) DRY REACTION. 
(To be practised on arsenious anhydride—As,.0,.) 


Heated in a small tube with Na,CO3 and KCN, a mirror of arsenic is pro- 
duced, accompanied by a garlic-like odour. The same effect may be produced 
with black flux. 


II. ANTIMONY (Sb). 
(a) WET REACTIONS. 
(To be practised with a solution of tartar emetic (K(SbO)C4H,40,),-H,O.) 


1. HS, after acidulation by HCl, causes an orange precipitate of antimonious 
sulphide—Sb,S;—soluble in ammonium sulphide, forming ammonium 
sulphantimonite—(NH,),SbS;—also soluble in strong boiling hydro- 
chloric acid, forming antimonious chloride—SbCl,—but insoluble in 
cold solution of commercial carbonate of ammonia. 

2. KHO and NaHO produce precipitates of antimonious oxide readily soluble 
in excess to form antimonites (K3SbO, or Na,SbQs). 

3. Acidulated with HCl and introduced into a platinum dish with a rod of 
zine so held that it touches the platinum owéséde the liquid, a black 
stain of metallic antimony is produced closely adherent to the platinum. 
This stain is not dissolved by HCl (tin reduced in the same manne 
is granular and soluble in boiling HCl). 

4. Reinch’s test (see Arsenic) produces a black coating on the copper, which, 
when heated, forms an amorphous sublimate of Sb,O3 close to the copper, 
and insoluble in water, but dissolved by a solution of cream of tartar 
in which H,S then produces the characteristic orange sulphide. 

5. Marsh’s test (see Arsenic) yields stains of antimony on the porcelain, not 
nearly so readily volatile by heat as in the case of arsenic, and not 
discharged by solution of chlorinated lime. 
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6. Fleitmann’s test will not act with antimony at all (distinction from 
arsenic). 


(4) DRY REACTION. 
(To be practised on antimonious oxide—Sb,O3.) 


Heated on charcoal with Na,CO, and KCN before the blowpipe, a bead 
of metallic antimony is formed and copious white fumes of the oxide are 
produced. 


III, TIN (Sn" or Sn’). 


(2) WET REACTIONS. 


(To be practised with a solution of stannous chloride—SnCl,—and one of 
stannic chloride—SnCl,—prepared by warming the stannous solution with 
a little nitric acid.) 

1. H,8, after acidulation with HCl, produces a brown or yellow precipitate 
of SnS or SnS, respectively, both soluble in ammonium sulphide and 
in boiling hydrochloric acid. 

2. KHO or NaHO both produce white precipitates of Sn(HO), or Sn(HO),, 
soluble in excess, the former to produce stannites and the latter stan- 
nates. ‘The stannous solution is, however, reprecipitable on boiling, 
while the stannic is not. 

3. NH,HO produces similar precipitates, very difficultly soluble in excess. 

4. Acidulated by HCl, and introduced into a platinum dish with a rod of 
zine, so held in the fluid that it touches the platinum ov¢szde the liquid, 
granules of metallic tin are deposited, soluble in boiling HCl, to form 
stannous chloride. 

5. HgCl, boiled with stannous salts deposits a grey precipitate of metallic 
mercury. 


(4) DRY REACTION. 
(To be practised on putty powder—SnO,.) 


Heated on charcoal with Na,CO, before the blowpipe, a bead of metallic 
_ tin is produced, and a white incrustation of oxide is formed on the charcoal. 


IV. GOLD (Au). 
(a2) WET REACTIONS. 
(To be practised with a solution of auric chloride—AuCl.) 


1. HS (group reagent) in the presence of HCl gives black auric sulphide 
—Au,S;. If the solution be hot, aurous sulphide—Au,S—falls. Both 
are only soluble in nitro-hydrochloric acid, but they are soluble in 
ammonium sulphide when it is yellow. 

2. NH,HO precipitates reddish ammonium aurate, or fulminating gold— 
Au,(NH;),0,—but KHO gives no result. 

3. Hydrogen oxalate (oxalic acid)—H,C,0, (or Ferrous sulphate—FeS0,) 
—when boiled with an acid solution throws down Au. Reducing agents. 
generally act thus. The liquid containing the metal may exhibit a blue, 
green, purple, or brown colour. 

. SnCl, throws down a brownish or purplish precipitate known as “ purple 
of Cassius,” consisting of the mixed oxides of gold and tin. 

. Zn, Cu, Fe, Pt, or almost any metal, gives a precipitate of metallic Au in 
a finely divided state. 
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(6) DRY REACTION. 


(To be practised on any gold salt.) 
Heated on charcoal with Na,CO,, the metal is produced. 


V. PLATINUM (Pt). 
(a) WET REACTIONS. 
(To be tested with a solution of platinic chloride—PtCl,.) 


1. H,S (2nd group reagent) in presence of HCl gives a drown precipitate of 
platinic sulphide—PtS,. This precipitate forms slowly, and is readily 
dissolved by yellow ammonium sulphide. 

2. Potassium chloride—KCl—cn sresence of HCl, especially after addition of 
alcohol, produces a yellow crystalline precipitate of potassium platinic 
chloride—PtCly(KCl).— soluble to a moderate extent in water, but not 
in alcohol. Decomposition takes place when this is strongly heated, 
metallic Pt and KCl remaining. 

3. Ammonium chloride—NH,Cl—gives a precipitate of ammonium platinic 
chloride—PtCl,(NH,Cl),—which is almost identical in properties, but 
is more readily decomposed by heat, pure platinum remaining. 

4. Ln, Fe, and several other metals decompose platinic salts with the produc- 
tion of the metal. 


(6) DRY REACTION. 
(To be practised upon potassium platinic chloride—PtCl,(KCl),.) 


Heat on charcoal, with or without NagCOs3, before the blowpipe. The 
metal is produced by reduction. 


GROUP III. 


Metals which escape precipitation by sulphuretted hydrogen in presence 
of hydrochloric acid, but which are precipitated by ammonium sulphide in the 
presence of ammonium hydrate, ammonium chloride having been previously 
added to prevent the precipitation of magnesium. 


DIVISION A. 


Metals which, za the tnsured absence of organic matter, are precipitated as 
hydrates by the addition of the ammonium chloride and ammonium hydrate 
only. 

I. IRON (Zerrous, Fe; and Ferric, Fe). 
(a) WET REACTIONS. 


(To be practised successively on solutions of ferrous sulphate—FeSO,—and 
ferric chloride—Fe,Cl,.) 


1. NH,HO in the presence of NH,Cl (group reagent) yields either a dirty- 
green precipitate of ferrous hydrate—Fe(HO),—or a reddish-brown 
precipitate of ferric hydrate—Fe,(HO),. The former is s#gh¢ly soluble 
in excess, but the latter is insoluble, and it is therefore preferable 


always to warm the solution with a little nitric acid, to insure the © 


raising of the iron to the ferric state, before adding the ammonium 
hydrate. The presence of organic acids, such as tartaric or citric, 
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prevents the occurrence of this reaction; and therefore, if any such 
admixture be suspected, the solution should first be evaporated to dry- 
ness, the residue heated to redness, and then dissolved in a little 
hydrochloric acid, heated with a drop or two of nitric acid, diluted, 
and lastly, the NH,Cl and NH4,HO added and boiled. 

. NH,HS added to a neutral or alkaline solution, produces a precipitate 
of ferrous sulphide—FeS—which is black (distinction from Al, Ce, 
Cr, Mn, and Zn), and readily soluble in cold diluted hydrochloric 
acid (distinction from the black sulphides of Ni and Co). This re- 
action takes place even in the presence of organic matter, and the 
precipitated sulphide, if exposed to the air, gradually oxidises to fer- 
rous sulphate—FeSO,—and disappears. It is insoluble in acetic acid 
(distinction from MnS). 

. K,Fe(CN),, in a neutral or slightly acid solution, gives, with ferrous salts, a 
white precipitate (rapidly changing to pale blue) of Everett’s salt—potas- 
sium ferrous ferrocyanide—K,Fe . Fe(CN)s—and with ferric salts, a dark 
blue precipitate of Prussian blue—ferric ferrocyanide (Fe,),(Fe(CN)6)3. 
These precipitates are decomposed by alkalies, producing the hydrates 
of iron, and forming a ferrocyanide of the alkali in solution ; but the 
addition of hydrochloric acid causes the re-formation of the original 
precipitate. 

. Potassium ferricyanide—K,Fe,(CN),.—gives, with ferrous salts, in neutral 
or slightly acid solutions, a dark blue precipitate of Turnbull’s blue— 
ferrous ferricyanide, Fe,Fe,(CN),.—but with ferric salts it gives no 
precipitate, simply producing a brownish liquid. With alkalies, 
Turnbull’s blue is decomposed, yielding black ferroso-ferric hydrate, 
and a ferricyanide of the alkali; but the addition of hydrochloric acid 
reproduces the original blue. 

. Potassium thiocyanate (su/phocyanate)—KCNS—gives no precipitate with 
ferrous salts, but with ferric compounds it yields a deep blood-red 
solution. This colour is not discharged by dilute hydrochloric acid 
(distinction from ferric acetate), but immediately bleached by solution 
of mercuric chloride (distinction from ferric meconate). 

. KHO, or NaHO, produces effects similar to those of ammonium hydrate. 

. Disodium phosphate—Na,HP0O,—7x the presence of NaC,H;0, or NH,C,H,0, 
—gives a whitish gelatinous precipitate of ferrous or ferric phosphates— 
Fes(PO,), or Fe,(PO.4),—insoluble in acetic acid, but soluble in hydro- 
chloric acid. The previous addition of citric or tartaric acids prevents 
this reaction.. 

. Sodium acetate—NaC,H,0,—added in excess to ferric salts, produces a deep 
red solution of ferric acetate—Fe,(C,H,0,)s—which on boiling deposits 
as a reddish-brown ferric oxyacetate—Fe,0(C,H30,)4. This precipi- 
tate dissolves slightly on cooling ; but iron can be entirely precipitated 
in this form if the solution be instantly filtered while hot. 

. Alkaline Carbonates, added to a ferrous salt, precipitate white ferrous 
carbonate—FeCO;—but with ferric salts throw down the reddish-brown 
ferric hydrate already described. 


(3) DRY REACTIONS. 


(To be practised on ferric oxide.) 


. Heated on charcoal before the inner blowpipe flame, a black magnetic 
powder is obtained, which is not the metal, but is ferroso-ferric oxide 
—F e304. 

. Heated in the borax bead in the inner blowpipe flame, a bottle-green 
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colour is produced; but in the outer flame the bead is deep red while 
hot, and very pale yellow when cold. 


II. CERIUM (Ce). 
(2) WET REACTIONS. 


(To be practised on cerous chloride—CeCl;—prepared by boiling cerium 
oxalate with sodium hydrate, washing the insoluble cerous hydrate with 
sr water, and dissolving it in the least possible excess of hydrochloric 
acid. 

1. NH,HO in the presence of NH,Cl (g20up reagent) gives a white precipitate 

of cerous hydrate—Ce(HO),— insoluble in excess. 

2. KHO and NaHO give a similar precipitate, turning yellow on the addition 
of chlorine water. 

3- Ammonium oxalate gives a white precipitate of cerous oxalate— 
Ce,(C,O,),2H,O—insoluble in excess, and not readily dissolved even 
by hydrochloric acid. The presence of citric or tartaric acid does not 
interfere with this reaction. 

4. Potassium sulphate—K,S0,—in a saturated solution causes the formation 
of white crystalline potassium cerium sulphate—K,SO,Ce,(SO«)3— 
soluble in hot water. 


(3) DRY REACTIONS. 
(To be practised’on cerium oxalate.) 


. Heated to redness in contact with the air, an orange red residue of ceric 
oxide—CeO,—is obtained, difficultly soluble even in strong hydro- 
chloric acid. 

2. Heated in the borax bead, cerium behaves like iron in the outer flame, 

but the inner flame yields a colourless or opaque yellow bead. 


III. ALUMINIUM (Al). 
(a) WET REACTIONS. 


(To be practised on a solution of common alum.) 


1. NH,HO in presence of NH,Cl (group reagent) gives a gelatinous white pre- 
cipitate of aluminic hydrate—Al,(HO),. This precipitate is slightly 
soluble in a large excess of the precipitant, but separates completely 
on boiling. 

2. KHO and NaHO both give a similar precipitate, soluble in excess, but 
reprecipitated by boiling with an excess of ammonium chloride, or by 
neutralising with hydrochloric acid and boiling with a slight excess 
of ammonium hydrate. 

3- Na,HPO, in the presence of NaCzH,02 or NH4C,:H,O, gives a white 
precipitate of aluminic phosphate—AlPO,—insoluble in hot acetic 
acid, but soluble in hydrochloric acid. The presence of citric or 
tartaric acids prevents the occurrence of this reaction. 


(2) DRY REACTION. 
(To be practised on dried alum.) 


Heat strong!v on charcoal before the blowpipe, when a strong incandescence 
is observed, aid a white residue is left. Moisten this residue with a drop of 
solution of cobaltous nitrate—Co(NO,;).—and again heat strongly, when a 
blue mass is left. This test is not decisively characteristic, as other substances, 
such as zinc and earthy phosphates, show somewhat similar colours. 
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IV. CHROMIUM (Cr). 
(2) WET REACTIONS. 


(To be practised on a solution of potassium chromic chloride, prepared by 
dissolving potassium dichromate—K,Cr,O,—in water, acidulating with 
hydrochloric acid, heating and dropping in alcohol till the solution turns 
green.) 


. NH,HO ix the presence of NH,C1 (group reagent) precipitates green chromic 
hydrate—Cr,(HO),—slightly soluble in excess, but entirely reprecipi- 
tated on boiling. The presence of citric or tartaric acid interferes 
with the completeness of this reaction. 

2. KHO, or NaHO, gives similar precipitates, freely soluble in excess when 

cold, but entirely reprecipitable by continued boiling. 

3. Chlorinated soda—Na,0Cl,—or Plumbic peroxide—Pb0,—boiled with an 
alkaline solution of a chromium salt, produces a yellow solution of 
sodium chromate—Na,CrOx. 

4. NaHPO, in the presence of NaC,H,0, or NH,C,H,0, throws down pale 

green chromic phosphate—CrPO,—soluble when freshly precipitated 

in excess of hot acetic acid, and freely soluble in hydrochloric acid. 

The presence of organic acids prevents this reaction. 
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(6) DRY REACTIONS. 


1. Heated in the borax bead in the inner blowpipe flame, a fine green 
colour is obtained. 

2. Fused on platinum foil, with a mixture of KNaCO, and KNO,, a yellow 
residue is obtained, consisting of chromates of the alkalies used. 
This mass is soluble in water, yielding a yellow solution turned deeper 
in colour by the addition of hydrochloric acid, owing to the formation 
of dichromates, and becoming green on warming and dropping in 
rectified spirit. 


DIVISION B. 


Metals the hydrates of which, being soluble in excess of ammonium hydrate 
in the presence of ammonium chloride, escape precipitation by that reagent, 
but are separated as insoluble sulphides by the addition of ammonium sulphide 
to the same liquid. 


I. MANGANESE (Mn). 
(a) WET REACTIONS. 


(To be practised on a solution of potassium manganous chloride, prepared by 
heating a solution of potassium permanganate with hydrochloric acid, and 
dropping in alcohol until a colourless solution is obtained.) 


1. NH,HS in the presence of NH,Cl and NH,HO (group reagent) precipitates 
a flesh-coloured manganous sulphide—MnS—soluble in dilute and 
cold hydrochloric acid (distinction from the sulphides of Ni and 
Co). It is also soluble in acetic acid (distinction from zinc sulphide). 
This precipitate forms sometimes very slowly and only after gently 
warming. Ifa good excess of NH,4Cl has not been added, or if, after 
adding the excess of ammonium hydrate, the solution be exposed to 
the air, a portion of the manganese will sometimes precipitate sponta- 
neously, as manganic dioxyhydrate—Mn,O.(HO),—and be found with 
the iron, etc., in the first division of the third group. In this case its 
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presence will be easily made manifest during the fusion for chromium 
by the residue being green. It is therefore evident that small quan- 
tities of manganese cannot be perfectly separated from large quantities 
of iron by NH,4Cl and NH4HO only. 


. KHO and NaHO both yield precipitates of manganous hydrate insoluble 


in excess, and converted by boiling into dark brown manganic dioxy- 
hydrate—Mn,O,(HO),. 


. NH,HO gives a similar precipitate, soluble in excess of ammonium chloride, 


but gradually depositing as MngO,(HO), by exposure to the air. For 
this reason, if the presence of manganese be suspected, the addition 
of NH,Cl and NH,HO must be followed by instant filtration, and any 
cloudiness coming in the filtrate must be simply taken as indicating 
manganese, and disregarded. 


. K,Fe(CN), gives a precipitate of manganous ferrocyanide—Mn,Fe(CN),— 


very liable to be mistaken for the corresponding zinc compound. 


. Boiled with plumbic peroxide and nitric acid a violet colour is produced in 


the liquid, due to the formation of permanganic acid. (Crum’s test.) 


(2) DRY REACTIONS. 
(To be practised upon manganese peroxide —MnO,,.) 


. Fused on platinum foil with KHO and a crystal of KCIO;, a green mass 


of potassium manganate is formed. ‘This residue is soluble in water, 
yielding a green solution, turning purple on boiling, owing to the 
formation of potassium permanganate. The solution is rendered 
colourless by heating with hydrochloric acid and dropping in alcohol, 
the operation being accompanied by the odour of aldehyd. 


. Heated in the borax bead in the outer blowpipe flame, a colour is produced 


which is violet-red while hot and amethyst on cooling. The bead is 
rendered colourless by the reducing flame. 


II. ZINC (Zn). 
(a) WET REACTIONS. 
(To be practised on zinc sulphate—ZnSO,.) 


. NH,US ix the presence of NH,Cl and NH,HO (group reagent) gives a white 


precipitate of zinc sulphide—ZnS— insoluble in acetic acid, but readily 
soluble in dilute hydrochloric acid. 


. KHO, NaHO, and NH,HO, all give precipitates of gelatinous white zinc 


hydrate, soluble in excess to form zincates. ‘The addition of sulphu- 
retted hydrogen’or ammonium sulphide reprecipitates the zinc as zinc 
sulphide—ZnS. 


. K,Fe(CN), gives a gelatinous white precipitate of zinc ferrocyanide— 


Zn,Fe(CN),—insoluble in dilute acids. 


. Alkaline Carbonates precipitate ZnCO,(Zn2zHO),H,O—zinc hydrato- 


carbonate—insoluble in excess of the carbonates of potassium and 
sodium, but soluble in that of ammonium. The latter solution, diluted 
and boiled, deposits the oxide. 

(5) DRY REACTIONS. 


(To be practised on zinc carbonate.) 


. Salts of zinc heated leave the oxide, yellow while hot, and white on 


coolins. 
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2. Heated on charcoal before the blowpipe an incrustation forms, yellow 
while hot, and white on cooling. Moisten with a drop of cobaltous 
nitrate—Co(NO,),—and again heat it in the outer flame, when a fine 
green colour is produced. 


III. NICKEL (Ni). 
(a) WET REACTIONS. 


(To be practised on a solution of nickelous sulphate—NiSOQ,.) 


1. NH,HS ix the presence of NH,Cl and NH,HO (group reagent) gives a black 
precipitate of nickelous sulphide—NiS—slightly soluble in excess, but 
entirely precipitated on boiling. It is not soluble in cold dilute 
hydrochloric or in acetic acid, but requires boiling with strong 
hydrochloric acid, and sometimes even the addition of a drop or two 
of nitric acid. . 

2. KHO or NaHO both give a green precipitate of nickelous hydrate— 
Ni(HO),—unaltered by boiling (distinction from cobalt). 

3. Potassium nitrite—KNO,—added to a neutral solution, followed by an 
excess of acetic acid, gives no precipitate (after standing some hours) 
on the addition of potassium acetate and rectified spirit (very useful 
separation from cobalt). 

4. KON in excess produces a greenish-yellow precipitate of nickelous cyanide 
—Ni(CN).—which quickly redissolves. On adding a drop of hydro- 
chloric acid and boiling in a fume chamber, and repeating this till no 
more fumes of hydrocyanic acid come off, and then adding sodium 
hydrate, a precipitate of nickel hydrate is produced. It is better, 
although less conyenient, to use a strong solution of chlorinated soda 
instead of HCl, when nickelic hydrate—Ni(HO),—is slowly precipitated 
(separation from Co, which gives no precipitate). 

5. Alkaline Carbonates behave, so far as colour and solubility in excess are 
concerned, like their respective hydrates. a 


(3) DRY REACTIONS. 


1. Heated on charcoal with Na,CO,; in the inner blowpipe flame, a grey 

metallic and magnetic powder is produced. 

2. Heated in the borax bead in the outer blowpipe flame, red to violet-brown 
is produced while hot, and a yellowish to sherry-red when cold. 
These colours might be mistaken for those of iron; but on fusing a 
small fragment of potassium nitrate with the bead, its colour at once 
changes to blue or dark purple (distinction from Fe). 


IV. COBALT (Co). 
(2) WET REACTIONS. 


(To be practised on a solution of cobaltous nitrate—Co(NOs)..) 


1. NH,HS in the presence of NH,Cl and NH,HO (group reagent) gives a black 
precipitate of cobaltous sulphide—CoS—insoluble in acetic and cold 
dilute hydrochloric acid, and requiring to be boiled with the strongest 
HCl, often with the addition of a drop or two of nitric acid before 
solution is effected. 

2. KHO, or NaHO, gives a blue precipitate, which rapidly changes on boiling 
to pink cobaltous hydrate—Co(HO),—(distinction from nickel). 

3. KCN gives a light brown precipitate of cobaltous cvanide, rapidly soluble 
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in excess, but reprecipitated by excess of dilute hydrochloric acid. If, 
however, the HCl be added drop by drop just so long as it causes 
the evolution of hydrocyanic acid fumes on boiling,* soluble potassium 
cobalticyanide—K,CO,(CN),.—results, which is not decomposed by 
hydrochloric acid; nor is any precipitate produced on adding excess 
of sodium hydrate or chlorinated soda (separation from nickel). 

4. Alkaline Carbonates throw down basic carbonates, behaving like the 
respective hydrates. 


(1) DRY REACTIONS. 


1. Heated on charcoal with NagCO; in the inner blowpipe flame, the cobalt 
separates as a grey magnetic powder. 

2. Heated in the borax bead, first in the ouv¢er and then in the zzmer flame, 
a fine blue colour is produced. It is an important distinction of cobalt 
from copper, manganese, etc., that prolonged heating in the inner flame 
does not affect this blue. 


GROUP IV. 


Metals the hydrates and sulphides of which, being soluble, are not precipi- 
tated by the addition of NH4sHO and NH,HS in the presence of NH,Cl, 
but separate as insoluble carbonates on the addition of ammonium carbonate 
to the same solution. 


I. BARIUM (Ba). 
(2) WET REACTIONS. 
(To be practised on a solution of barium chloride—BaCl,.) 


r. Ammonium carbonate—(NH,),CO;—:n che presence of NH4Cl and NH4HO 

(group reagent) produces a white precipitate of barium carbonate— 
- BaCO,—soluble with effervescence in dilute acetic acid. 

2. H,SO, and all soluble Sulphates give a white precipitate of barium sul- 
phate—BaSO,— insoluble in ammonium acetate or tartrate (distinction 
from PbSQg) and also in boiling nitric acid. 

3. K,Cr0, gives a yellow precipitate of barium chromate—BaCrO,—insoluble 
in water and in dilute acetic acid, but soluble in hydrochloric acid 
(distinction from Sr and Ca). 

. (NH,),C,0, gives a white precipitate of barium oxalate—BaC,O,—not 
readily formed in the presence of much acetic acid. 

. Na,HPO, gives a white precipitate of barium hydrogen phosphate— 
BaHPO,—soluble in acetic acid, and to some extent in ammonium 
chloride. 


on 


(4) DRY REACTION. 
(To be practised also on barium chloride.) 


If a platinum wire be dipped first in hydrochloric acid and then in the salt, 
and held in the zzmer blowpipe or Bunsen flame, the outer flame is coloured 
yellowish-green. 


* This must be done in a fume chamber, as it is a highly poisonous operation if the fumes 
should happen to escane into the room, 
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II. STRONTIUM (Sr). 
(a) WET REACTIONS. 
(To be practised on strontium nitrate—Sr(NO3),.) 


1 (NH,),CO, (group reagent) in the presence of NH,Cl and NH,HO gives 
a white precipitate of strontium carbonate—SrCO,;—soluble in dilute 
acetic acid. 

2 H,SO,, or a soluble sulphate (preferably calcium sulphate), yields a white 
precipitate of strontium sulphate—SrSO,—which only separates com- 
pletely from dilute solutions on allowing them to stand in a warm 
place for some hours. It is insoluble in a boiling strong solution of 
ammonium sulphate rendered alkaline by ammonium hydrate (distinc- 
tion from calcium sulphate). 

3. The other reactions are similar to those of calcium. 


(4) DRY REACTION. 
(To be also practised on Sr(NOs),.) 


A platinum wire moistened with hydrochloric acid, dipped in the substance 
and introduced into the zzer blowpipe or Aumsen flame, colours the outer 
flame crimson. 


III. CALCIUM (Ca). 
(a) WET REACTIONS. 
(To be practised on a solution of calcium chloride—CaCl,.) 


1. (NH,),CO3 in presence of NH,Cl and NH,HO (group reagent) produces a 
white precipitate of calcium carbonate—CaCO,—soluble in acetic acid 
and settling best on warming. 

2. (NH,),C;0, precipitates white calcium oxalate—CaC,O,—insoluble in 
acetic or oxalic acids, but soluble in hydrochloric acid. 

3- H,SO, in strong solutions produces a precipitate of calcium sulphate— 
CaSO,. Being slightly soluble in water, it does not form in dilute 
solutions, nor is it precipitated by a saturated solution of calcium 
sulphate (distinction from Ba and Sr). It is soluble in a boiling 
saturated solution of ammonium sulphate containing excess of ammo- 
nium hydrate, but quite insoluble in a mixture of two parts alcohol 
and one part water. 

. Na,HPO, produces a white precipitate of dicalcium phosphate—CaHPO, 
—soluble in acetic acid. 


> 


(4) DRY REACTION. 
(To be practised on calcium carbonate—CaCO,.) 


A platinum wire moistened with hydrochloric acid, dipped in the substance 
and held in the zzzer blowpipe or Bunsen flame, colours the outer flame 
yellowish-red. This reaction is masked by the presence of barium or 
strontium. 
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GROUP V. 


Metals not precipitable either as sulphide, hydrate, or carbonate, including 
magnesium, the precipitation of which as hydrate or carbonate has been 
prevented by the presence of ammonium chloride. 


I. MAGNESIUM (Mg). 
(a2) WET REACTIONS. 


(To be practised on a solution of magnesium sulphate—MgSO,.) 


1. Na,HPO, ix the presence of NH,Cl and NH4HO produces a white crystalline 
precipitate of ammonium magnesium phosphate—MgNH,4PO,. It 
is slightly soluble in water, and scarcely at all in water containing 
ammonium hydrate, but entirely soluble in all acids. In very dilute 
solutions it only forms on cooling and shaking violently, or on rubbing 
the inside of the tube with a glass rod. 

2. (NH,),HAsO, produces a similar precipitate of ammonium magnesium 

arseniate—MgNH,AsO,—possessing like features. 

. KHO, NaHO, and NH,HO give precipitates of magnesium hydrate— 
Mg(HO),—insoluble in excess, but soluble in the presence of 
ammonium salts. The alkaline carbonates (except ammonium car- 
bonate) precipitate magnesium carbonate, also soluble in ammonium 


w 


salts. 

4. Calcium hydrate (me water)—Ca(HO),—and Barium hydrate (4aryta water) 
—Ba(H0),—produce a similar effect. Either of these reagents is useful 
for the separation of magnesium from all the alkalies except ammonium. 
The solution, which must contain no ammonium salts, is treated with 
excess of either lime or baryta water. The precipitated magnesium 
hydrate is then filtered out and excess of ammonium carbonate added, 
which precipitates in turn the excess of Ca or Ba employed, and leaves 
K, Na, or Li in solution. 


(s) DRY REACTION. 
(To be practised on magnesium oxide.) 


Heated on charcoal before the blowpipe, it becomes strongly incandescent, 
and leaves a white residue, which when moistened with a drop of solution of 
cobaltous nitrate—Co(NO;),—and again heated, becomes rose-coloured. 
This test is not, however, infallible. 


II. LITHIUM (Li). 
(a) WET REACTIONS. 


(To be practised on a solution of lithium chloride, prepared by dissolving 
lithium carbonate in dilute hydrochloric acid.) 


1. Na,HP0O, in strong solutions produces a white precipitate of lithium phos- 
phate—(Li;PO,4),H,O—on boiling only (distinction from Mg). It is 
soluble in hydrochloric acid, and reprecipitated by boiling with 
ammonium hydrate. 

2. Na,CO; and even NaHO, in very strong solutions, yield the carbonate and 
hydrate respectively. 

3. Platinic chloride—PtCl,—gives no precipitate (distinction from potassium). 


POTASSITUM—SODIUM—AMMONIUM. 27 


6 DRY REACTION. 


(To be practised with lithium carbonate.) 


A platinum wire, moistened with hydrochloric acid, dipped in the substance 
and held in the zmmer blowpipe or Bunsen flame, colours the outer flame 
carmine red. The presence of sodium disguises this reaction. 


III. POTASSIUM (Kk), 
WET REACTIONS. 


(To be practised on solution of potassium carbonate treated with dilute HCl 
till effervescence ceases, forming potassium chloride—KCl.) 


1. PtCl, in strong solutions, gives a yellow crystalline precipitate of potassium 
platino-chloride—PtCl,(KCl),—soluble on great dilution, especially on 
warming, but insoluble in acids, alcohol, and ether. 

2. Hydrogen tartrate (¢artaric acid)—H,0,H,0,—throws down, from strong 
solutions only, a white crystalline precipitate of potassium hydrogen 
tartrate—KHC,H,O,—soluble in much cold water, rather freely in 
hot water, readily in acids and in KHO or NaHO, and not formed 
unless the original solution be nearly neutral. Its separation is facili- 
tated by stirring and shaking violently, in which case it settles quickly. 

3. Hydrogen silicofluoride (hydrofluosilicic acid )—H,SiF,—yields white gela- 
tinous potassium fluosilicate—K,SiF,—sparingly soluble in water. 


DRY REACTION. 


(To be practised on potassium carbonate—K,CO3.) 


Dip a platinum wire, moistened with HCl, in the salt. Held in a Bunsen 
flame a violet colour isimparted. The masking effect of Na (ye//ow) is obviated 
by viewing the flame through cobalt glass. 


IV. SODIUM (Na). 
WET REACTIONS. 


(To be tested with solution of sodium chloride—NaCl.) 


1. K,H,Sb,0, (potassium pyroantimoniate, generally called metantimoniate) 
_—gives a white granular precipitate of sodium pyroantimontate— 
NagH,Sb,0,6H,O—from strong solutions only, which must be neutral 
or alkaline. This precipitate is insoluble in alcohol. 
2. H,SiF, gives a similar precipitate to that obtained with K salts in concen- 
trated solutions only. 

Sodium salts are, practically, all soluble in water, and there is no thoroughly 
trustworthy wet reaction which can be applied to detect small quantities. If 
we have a solution which gives no precipitate with any of the group reagents, 
but leaves, on evaporating, a non-volatile residue, capable of imparting a 
strong yellow colour to the Bunsen flame (dry reaction) we may infer with 
certainty the presence of sodium. 


V. AMMONIUM (NH,). 
WET REACTIONS. 


(To be tested with solution of ammonium chloride—NH,Cl.) 


1. PtCl, produces a heavy yellow precipitate of ammonium platino-chloride— 
PtCl,(NH,4Cl)2—which, being rather soluble in water, is not formed in 
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dilute solutions, unless alcohol, in which it is insoluble, be added in 
considerable quantity. When ignited, pure spongy platinum is left. 
This precipitate may be distinguished from that with K salts by adding, 
after ignition, a little water and AgNO,, when no white precipitate of 
AgCl is formed (the K salt leaves KCl on being strongly heated). 

2. H,C,H,0, yields ammonium hydrogen tartrate—(NH,)HC,H,O,—almost 
identical with KHC,H,4O, in its properties. On ignition, however, the 
latter gives a black residue, which turns moistened red litmus paper 
blue (K,CO3 and C), the former leaving pure C without reaction. 

3. NaHO or Ca(HO), boiled with the solution causes the evolution of ammonia 
gas—NH;. A glass rod dipped in HCl or HC,H;O, produces, when 
held over a mixture evolving NH3, white clouds (solid NH, salts), and 
moist red litmus paper is turned blue. 

4. Nessler’s Solution (HglI, dissolved in KI and KHO added) gives a yellow 
or drown colour, or a brown precipitate, of dimercuric ammonium iodide 
—NHg,IH,O—with all NH,salts. This reaction is extremely delicate, 
and the estimation of NH, in water is founded upon it. 


DRY REACTIONS. 


Ammonium salts volatilise (1) with decomposition, leaving a fixed acid 
(e.g., phosphate) ; (2) with decomposition, leaving no residue whatever (e.g., 
sulphate, nitrate) ; (3) without decomposition, when they are said to sublime 
(¢.g-, chloride, bromide, etc.). 
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CHAPTER III. 


DETECTION AND SEPARATION OF ACID RADICALS. 


I, HYDROFLUORIC ACID and FLUORIDES. 
(The test for fluorides undernoted may be practised on fluor spar—CaFy.) 


Hydrofluoric Acid, or Fluoric Acid, is known— 

1. By its strongly acid reaction and corrosive power. 

2. By its action upon glass, from which it dissolves out silicic acid— 
SiO,—thus roughening the surface and rendering it semi-opaque 
or translucent, and white; a colourless gas, silicic fluoride— 
SiF,—passing off. 


Fluorides are detected as follows :— 

The mineral or salt is finely powdered, and introduced into a leaden dish 
with a little sulphuric acid. A piece of glass, previously prepared by coating 
its surface with wax, and etching a few letters on the waxed side with the 
point of a pin, is placed over the dish, waxed side down. A gentle heat is 
then applied, but not sufficient to melt the wax, and the operation continued 
for some time. The glass is then taken off, and the wax removed from it ; 
when, if fluorine were present, the letters written on the waxed surface will be 


_ found engraved upon it by the action of the hydrofluoric acid. 


2. CHLORINE, HYDROCHLORIC ACID, and CHLORIDES. 


Free Chlorine—Cl,—may be detected— 
1. By its odour. : 
2. By turning paper dipped in solution of potassium iodide brown. 
3. By bleaching a solution of indigo or litmus. 


Hydrochloric Acid—HCl—may be recognised— 
1. By its acidity and its giving off Cly when heated with MnQ,. 
2. By producing dense white fumes when a rod dipped in ammonium 
hydrate is held over the mouth of the bottle. 
3. By giving a curdy white precipitate of argentic chloride with argentic 
nitrate, instantly soluble in ammonium hydrate. 


Chlorides give the following reactions (to be practised with any soluble 

chloride, say NaCl) :— 

1. Heated with sulphuric acid they evolve white fumes of HCl. 

2. Heated with H,SO, and MnO, they evolve chlorine. 

3. AgNO; ix the presence of HNO, gives a white precipitate of argentic 

chloride—AgCl—insoluble in boiling nitric acid, but instantly 
soluble in dilute ammonium hydrate of a strength of 1 in 20. 
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4. The solid substance mixed with K,Cr,0,, and distilled with H,S0,, 
yields chloro-chromic oxide—CrCl,O,—in red fumes which, 
when passed into dilute ammonium hydrate, colour it yellow, 
owing to the formation of ammonium chromate—(N H,),CrO,. 
The yellow should change readily to green on the addition of a 
few drops of sulphurous acid. 


Insoluble Chlorides should be first boiled with strong sodium hydrate and 
the whole diluted and filtered. The chloride is then transferred to the 
sodium, and is to be searched for in the filtrate by acidulating with nitric acid 
and adding argentic nitrate, as above described. 


3. HYPOCHLORITES. 


(Practise on a solution of chlorinated lime—Ca(ClO),CaCl:.) 


Hypochlorites are all readily soluble in water, are contained in the so-called 
chlorinated compounds, and are recognised— 
1. By having an odour of chlorine. 
2. By giving a blue with potassium iodide, starch paste, and acetic 
acid, due to liberation of chlorine. 


4, CHLORATES. 


(To be practised on potassium chlorate—KCIO,.) 


. Heated on charcoal, they deflagrate. 
. Heated with strong sulphuric acid, they evolve chlorine peroxide— 
Cl,O,—which is yellow and explosive. 

3. Their solutions yield no precipitate with argentic nitrate ; but if a 
little of the solid be heated to redness, and the residue dissolved 
in water, a precipitate of argentic chloride may be obtained. 
The same reduction from chlorate to chloride may also be 

_ effected by adding zinc and dilute sulphuric acid to the solution. 

4. Mixed with KI and starch paste, and acidulated with acetic acid, 

they give no blue (distinction from hypochlorites), but on 

adding HCl a blue is developed. 


NO 


5, PERCHLORATES, 


These are distinguished from chlorates— 
1. By giving off perchloric acid—HClO,—when heated with sulphuric acid, without 
explosion or evolution of chlorine peroxide. = - 
2. Like chlorates, they require reduction to chlorides before giving a precipitate with 
argentic nitrate, 


6. BROMINE, HYDROBROMIC ACID, and BROMIDES, 


Bromine—Br,—is distinguished— 

1. By its appearance—heavy, reddish-brown liquid, giving off reddish 
fumes of a very penetrating, unpleasant odour. 

2. By turning starch paste orange. 

3. When present in small quantity in solution, on adding a few drops 
of chloroform and shaking, an orange colour is imparted to 
that liquid, which sinks to the bottom of the aqueous solution. 

Hydrobromic Acid —HBr—is known— 

By its acid reaction and the production of fumes of bromine when 

heated with strong sulphuric acid. 
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Bromides are all soluble in water, except the silver, mercurous, and lead salts ; 
they are detected by the following characters (to be practised 
on potassium bromide—K Br) :— 

1. Heated with strong sulphuric acid, they evolve red vapours of 
bromine. 

2. A similar effect is produced by sulphuric acid and metallic dioxides, 
such as PbOg, MnOg. 

3. Mixed with starch paste, and a few drops of chlorine water care- 
fully added, they give an orange colour (starch bromide). 

4. Mixed in a long tube with chloroform, and a few drops of chlorine 
water added, the whole, when shaken well together, leaves, on 
settling, a characteristic reddish-brown stratum at the bottom of 
the liquid in the tube, due to free bromine in the chloroform. 

5. With argentic nitrate they give a dirty-white precipitate of argentic 
bromide, insoluble in nitric acid, slowly soluble in ammonium 
hydrate, but insoluble in dilute NH4HO, of a strength of 1 in 
20 (argentic chloride dissolves). 

6. Distilled with potassium dichromate and sulphuric acid, red fumes 
are evolved, which give no colour when passed into ammonium 
hydrate (distinction from chlorides). 


Insoluble Bromides should be first boiled with NaHO, as described under 
insoluble chlorides. 


7. HYPOBROMITES. 


These are very similar to hypochlorites, and react as follows :— 
1. They decompose by heat, leaving a bromide ; 
2. On boiling with an alkali, a mixture of bromide and bromate results, 


8. BROMATES. 


These are recognised— 


1. By deflagrating on charcoal, leaving the corresponding bromide. 
2. By liberating bromine on the addition of dilute sulphurous acid, 


9. IODINE, HYDRIODIC ACID, and IODIDES. 


Todine—I,—may be recognised by its glistening black scales, its odour, the 
violet vapour on heating, and the production of blue iodide of starch on 
adding a solution to starch paste. 


Hydriodic Acid—HI— in the gaseous state, is detected by the formation of 
a brown colour on paper moistened with chlorine water (blue if also dipped 
in starch paste) held over a tube from which it is being evolved. 


Todides are readily known by the following reactions (which may be 
practised on a solution of potassium iodide, KI) :— 

1. Heated with strong sulphuric acid they give a liberation of iodine 
with violet fumes. 

2. Mucilage of starch and chlorine water or strong nitric acid (if not 
added too plentifully) produces blue iodide of starch, decom- 
posed by heat, but re-formed on cooling; also bleached by 
excess of Cl. 

3. AgNO, gives a light yellow precipitate of argentic iodide—Agl. 
The precipitate, when freed from the supernatant liquid, does 
not dissolve in hot HNO,, and is practically insoluble in 
ammonium hydrate, being thus distinguished from a chloride. 


32 DETECTION, ETC., OF ACID RADICALS. 


4. A neutral solution gives with one part of cupric sulphate—CuSO, 
—and three parts of ferrous sulphate—FeSO,—dissolved in 
a little water, a greyish precipitate of cuprous iodide—Cu,I,. 

The same precipitate is produced if sulphurous acid—H,SO, 

—be used with the cupric sulphate instead of ferrous sulphate. 

5. Palladious Chloride—PdCl,—or palladious nitrate—Pd(NO,),— 
gives a black precipitate of palladious iodide—PdI,—decom- 
posed somewhat below the temperature of boiling mercury, 
iodine being evolved, and the metal left. This is a very 
expensive but efficient separation. 

6. Mercuric chloride and plumbic nitrate give respectively red and 
yellow precipitates with soluble iodides. 


10. IODATES. 


(Practise on solution of potassium iodate—KIO,.) 


Todates are known— 
1. By giving, when heated with strong sulphuric acid, similar reactions to those 
obtained with chlorates. 
2. By giving a blue colour with starch paste on the addition of sulphurous acid. 
3. By giving a blue colour with starch paste on the addition of potassium iodide 
and tartaric acid. 
4. By yielding a precipitate of ferric oxy-iodate on adding ferric chloride. 


ll. PERIODATES. 


Periodates are distinguished— 

I. By giving a precipitate with BaCl,, in a neutral solution, which is not decomposed 
by digesting with ammonium carbonate and a little NH,HO. Iodates leave 
barium carbonate, which when washed dissolves in acid with effervescence. 

2. By adding Hg(NO,), and treating the yellowish precipitate with SnCl,. It turns 
green, HglI, being produced. 


12. WATER and HYDRATES. 


Water is recognised— 

1. By its absolute neutrality to test-paper. 

2. By its evaporating without residue, fumes, or odour of any kind. 

3. By its turning white anhydrous cupric sulphate blue. 

4. By yielding pure hydrogen when it is boiled and the steam passed 
slowly over copper turnings heated to bright redness in an iron 
tube. 

5. By its undergoing electrolysis when acidified, yielding hydrogen at 
the negative and oxygen at the positive electrode. 


The soluble Hydrates, viz, KHO, NaHO, LiHO, Ba(HO),, Sr(HO),, and 
Ca(HO), are known— 

1. By being more or less soluble in cold water, yielding solutions 
which are strongly alkaline to test-paper. 

2. By dissolving in hydrochloric acid without effervescence and without 
smell. 

3. By giving a brownish-black precipitate of argentic oxide—Ag,O— 
with argentic nitrate. 


The insoluble Hydrates are recognised— 
By giving off steam when heated in a dry test-tube, and leaving a 
residue which behaves like the corresponding oxide. 
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18. OXIDES. 


All oxides are insoluble in water. Oxides of K, Na, Li, Ba, Sr, and Ca 
unite with water to form hydroxides, which dissolve with a greater or less 
degree of readiness and give the characters of the soluble hydrates already 
mentioned. 

Normal Oxides can only be recognised by negative results, such as :— 

1. Heated alone, they are not changed 3 except argentic oxide, which 
leaves the metal, and mercuric oxide, which volatilises and 
breaks up into the metal and oxygen. 

2. They are insoluble in water (exceptions K, Na, etc., as above), but 
soluble in hydrochloric or nitric acid without effervescence and 
without smell. 

3. After dissolving and remeving the metal by H,S or Na,CO, as 
most convenient, no acid radical is found, other than that of 
the acid used to dissolve. 

4- Boiled with strong NaHO and filtered, or fused with KNaC0; and 
digested with water, the solution gives no reaction for any acid 
radical except the soluble hydrate or carbonate employed. 

Peroxides, on account of their containing an excess of oxygen, differ from 
normal oxides (practise on MnO,),— 

1. By giving off oxygen when strongly heated. 

2. By evolving chlorine when heated with hydrochloric acid. 


14. SULPHUR, HYDROSULPHURIC ACID, and SULPHIDES. 


es Sulphur—sS, or S,—is recognised— 
. By its burning entirely away with a pale blue flame, and evolving 
sulphurous anhydride. 

2. By its insolubility in all ordinary menstrua, such as water, alcohol, 
and ether, but dissolving readily in carbon disulphide. 

3. When slowly heated in a tube, it first melts, then thickens, then 
liquefies again, and finally boils, the vapour taking fire and 
forming sulphurous anhydride. 

em Sulphur possesses the above characters, and is specially distin- 
guished from ordinary sulphur by being quite amorphous under 
the microscope, while the latter is crystalline. 

Hydrosulphuric Acid—H,S (su/phuretted hydrogen)—is known— 

1. By being a colourless gas with a disgusting odour of rotten eggs. 
It is inflammable, burning in the air to produce sulphurous 
acid. 

2. By turning a piece of paper black, which has been moistened with 
solution of plumbie acetate and held over the mouth of the 
tube or jet from which it issues. 

Normal Sulphides are divisible into five classes :— 

t. Soluble in water, including the sulphides of K, Na, NHy, Ca, Sr, 
Ba, and Mg. 

2. Insoluble in water, but readily soluble in dilute hydrochloric acid 
including those of Fe, Mn, Zn. 

3. Insoluble in dilute, but soluble in strong boiling hydrochloric acid, 
including the sulphides of Ni, Co, Sb, and Sn (PbS is also 
slightly affected, but separates on cooling, as chloride). 

4- Insoluble in hydrochloric acid, but attacked by strong heated nitric 
acid, being converted wholly or partially into su’phates. These 
include the sulphides of Pb, Ag, Bi, Cu (arsenious sulphide is 
slowly affected). 
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5. Not dissolved by any single acid, but converted into a soluble 
sulphate by the action of nitro-hydrochloric aeid, or hydro- 
chloric acid and potassium chlorate; including those of 
Hg, As, Au, and Pt. 


Sulphides soluble in water or in hydrochloric acid are recognised (practise 
on solution of NagS)— 

1. By giving off sulphuretted hydrogen when heated with HCl. 

2. Soluble sulphides give black and yellow precipitates, with solutions 
of lead and cadmium respectively. 

3. Alkaline sulphides give a purple colour with sodium nitroprusside 
—Na,Fe(N0)C,N,. 

Sulphides insoluble in lydrochloric acid are best detected (practise on 
vermilion)— 

1. Mix a little with sodium carbonate and borax, and heat on charcoal 
before the blowpipe. Remove the mass thus obtained, place 
it on a clean silver coin, and moisten with a drop of distilled 
water ; when, owing to the formation during ignition of sodium 
sulphide—Na,S,—a black stain of argentic sulphide—Ag,S— 
will be produced. 

2. By heating with strong nitric or nitro-hydrochloric acid, diluting 
the solution, and testing for a sw/phaée with barium chloride 
(see page 36). 

3. By fusion with KNaCO, and KNO;, digesting the residue in water, 
filtering and testing the solution for a swdphate,—formed by the 
oxidising action of the potassium nitrate. 


Polysulphides as commonly met with are those of the alkalies, and are 
soluble in water. They are known (practise on sulphuretted potash—K,S3)— 
1. By the deep yellow or orange colour of their solutions, 
2. By evolving sulphuretted hydrogen accompanied by a deposit a 
er tie when treated with hydrochloric or dilute sulphuric 
- acids. 

The polysulphides which are insoluble in hydrochloric acid, such as iron 
pyrites, copper pyrites, etc., are best proved by fusion with potassium nitrate 
and carbonate and conversion into sulphate. They may, however, be recog- 
nised by heating with hydrochloric acid and zinc, when the excess of sulphur 
will pass off as H,S, leaving the normal sulphide. 


15. THIOSULPHATES (Hyposulphites). 
(Practise on solution of sodium thiosulphate—Na,S,03;5H,0.) 


These salts, commonly known as hyposulphites, are usually soluble in water, 
and exhibit the following characters :— 

1. With either dilute or strong HCl and H,S0,, they give off SO, 
and form a yellow deposit of S (distinction from sulphides, 
olysulphides, and sulphites), 

1. AgNO, gives no precipitate at first, owing to excess of a hypo- 
sulphite dissolving argentic hyposulphite—Ag,S,O,—but on 
continuing the addition, this AgsS,Ox is precipitated of a white 
colour. The salt splits up spontaneously, becoming yellow, 
brown, and lastly black, and being changed completely into 
argentic sulphide—AgeS. The same decomposition of the 
precipitate occurs on substituting HgNO; or Pb(NO,), for 
AgNO;; and in all three cases heat accelerates the action, 
and H,SQ, is the by-product. 
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3. FeCl, produces a reddish-violet colour, gradually disappearing as 
FeCl, is formed. (Zhis colour ts not produced by sulphites, and 
a somewhat similar tint produced by Fe,Cl, in thiocyanates does 
not disappear.) 

4. Na,OCl, or Cl, water converts hyposulphites into sulphates, even 
without applying heat. 


16. SULPHUROUS ACID and SULPHITES. 


Sulphurous Acid—H,S0;—is recognised in solution— 
1. By its pungent odour of burning sulphur, due to evolution of SO, 
It combines directly with peroxides to form sulphates. For 


instance :— 
PbO, + SO, = PbSO, 
(This reaction is utilised in gas analysis, to separate SO, from a 
mixture. ) 

2. By adding barium chloride in excess, filtering out any precipitate 
of barium sulphate which may form (owing to the fact that 
all samples of the ordinary acid contain sulphuric acid), and 
then adding chlorine water and getting another copious white 
precipitate of barium sulphate, owing to the conversion of the 
sulphurous into sulphuric acid by the oxidising action of the 
chlorine water, thus :— 

H2SO; + BaCl, + Cl, + H,O = BaSO, + 4HCl. 

3. Treated with zine and hydrochloric acid, it evolves sulphuretted 

hydrogen, thus :— 
3Zn + 6HCl + H,SO; = 3ZnCl, + HS + 3H,0. 

4. When a solution of iodine is dropped into the liquid, its colour is 
discharged, owing to its conversion into hydriodic acid by the 
hydrogen of the water, the oxygen of which passes at the same 
time to the sulphurous acid, forming sulphuric acid. 

H,SO,; + I, + H,O = H,SO,4 + 2HI. 
Sulphites are known by the following characteristics (practise on solution of 
sodium sulphite—Na,SO,) :— 

1. All except the alkaline sulphites are sparingly soluble in water. 

2. When heated with sulphuric acid they evolve sulphurous anhydride, 
without deposit of sulphur. 

3- Acted on with zine and hydrochloric acid, they evolve sulphuretted 
hydrogen, which blackens a piece of paper moistened with 
plumbic acetate and held over the mouth of the test-tube. 

4. A salt of silver, mercury, or lead produces a precipitate which on 
heating turns dark, owing to the formation of a sulphide and 
free sulphuric acid. 

5. By boiling with barium chloride and chlorine water or nitric acid, 
barium sulphate is produced, and precipitates. 

6. K,Cr,0, and HCl give a green coloration of chromic sulphate or 
chloride. This test is very delicate, but by itself is not con- 
clusive, as any reducing agent acts similarly. 


17. SULPHURIC ACID and SULPHATES. 


Sulphuric Acid—H,S0,—is detected— 
1. By its appearance. A heavy, oily, odourless, and nearly colourless 
liquid, powerfully acid and corrosive. 
2. By its charring effect. This is made evident when the strong acid 
is dropped upon white paper, wood, etc., or when the dilute 
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acid is evaporated in a basin containing a little white sugar. 
The carbonisation is due to the power the acid has of abstract- 
ing the elements of water from organic bodies. 
3. By eee an explosive gas when dropped on a small fragment of 
3+ 


Sulphates are soluble in water, with the exception of dasic sulphates (soluble 
in acids) and BaSO,, SrSO4, CaSO4, and PbSO,4. (Ag,SOx, is only slightly 
soluble.) When it is necessary to analyse such sulphates as are insoluble 
in dilute acids, they are decomposed, either by boiling with potassium 
or sodium hydrates or by fusion with KNaCO; (the latter being preferable), 
and extracting the fused mass with water when the sulphate passes into solu- 
tion. Sulphates are recognised by the following characters (practise on solution 
of magnesium sulphate) :— 

1. BaCl, or Ba(NO.), produces a white precipitate of barium sulphate 
—BaSO,—insoluble in boiling water and boiling nitric acid. 
The addition of barium chloride to a strongly acid solution 
often causes the reagent to crystallise out, and this is then 
mistaken by the student for a true precipitate of sulphate ; 
therefore the boiling water should always be employed. 

2. The addition of a soluble salt of lead or strontium also causes the 
formation of insoluble sulphates ; but these reactions are never 
used in practice, the barium chloride being at once the most 
delicate and serviceable reagent. 

3 Heated with a little Na,CO; on charcoal in the inner blowpipe 
flame, sulphates are reduced to sulphides; and the residue, 
placed on a clean silver coin and moistened with water, leaves 
a black stain. 


18. CARBON, CARBONIC ACID, and CARBONATES. 


Carbon—C,—is known— 

1. By its black colour and by burning in the air and producing a gas 
which is odourless, so heavy that it can be poured from one 
vessel to another, and causes a white precipitate when passed 
into solution of calcium hydrate. 

2. By its capability of removing many vegetable colouring matters 
from their solutions. 


Carbonic Acid—H,CO.—is not known in the free state, as it splits up into 
carbonic anhydride—CO,—and water on isolation. CO, is recognised— 
1. By being odourless and giving white insoluble CaCO; (or BaCQOs) 
when passed into a solution of Ca(HO), (or Ba(HO),). 
2. By turning blue litmus purple or wine-red, the original tint being 
restored by heat, the CO, escaping. 


Carbonates are mostly insoluble in water, the alkaline carbonates alone 
dissolving. All carbonates give off CO, on ignition, except K,CO, and 
Na,CO;. A white heat is needed to decompose BaCO, and SrCQ3. Most 
carbonates on heating to redness leave the oxide. Their recognition depends 
upon the following reactions (practise upon calcium carbonate)— 

1. Effervescence with a solution of almost any acid (H,S and HCN 
excepted), organic or inorganic, and giving off an odourless 
gas—CO,,. 

2. When the gas given off is poured or passed into a solution of 
calcium hydrate, a white precipitate of CaCO; falls, soluble in 
excess of CO,. When CO, is given off along with H,S or SQs, 
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either of these may be removed by passing through K,CrO, 
and HCl, which is rendered green, and the unacted-upon CO, 
is allowed to pass into calcium hydrate solution as before, thus 
enabling us to detect a carbonate in the presence of a sulphide 
or sulphite. 

3 Hg0l, gives a reddish-brown precipitate with the carbonates of 
of K, Na, and Li, and a white one with dzcardonates of the same 
metals. 

4. Soluble carbonates give a white precipitate with cold solution of 
MgSO,, while bicarbonates do not. 


19. BORIC ACID and BORATES. 


Boric (or Boracic) Acid—H,BO.,—is distinguished as under :— 

1. It is a white crystalline solid, giving off water on being heated, and 
leaving the anxhydride—B,O3. 

2. A solution in alcohol burns with a green flame. 

3. When dissolved in hot water, and a piece of turmeric paper dipped 
in the solution, the yellow colour is unaffected ; but upon drying 
the paper it becomes brownish-red, turned green on moistening 
with KHO. 

All borates dissolve in dilute acids, but few in water, and when 
decomposed by hot acids, let fall crystalline boric acid on 
cooling, which answers to the above characters. 

The presence of soluble borates is detected by the following tests (practise 
upon borax—Na,B,O,;10H,O :— 

1. They give, on heating with calcium chloride, rendered slightly 
alkaline with ammonium hydrate, a white precipitate of calcium 
borate, soluble in acetic acid, and so distinguished from oxalate. 

2. On rendering the solution just acid with hydrochloric acid, it reacts 
with turmeric paper as does H,BO,. 

3. Besides these two tests, which are in themselves, taken together, 
quite conclusive, borates give a white precipitate with argentic 
nitrate soluble in nitric acid. 

4. When a little of the solid borate is moistened with a drop of 
sulphuric acid, and alcohol is added, the green flame of 
H;BO,; is obtained on applying a light. 


20, SILICIC ACID and SILICATES. 


The acid H,Si0, is scarcely ever met with, and we have practically to deal 
with the anhydride—SiO2—which is totally insoluble in water and dilute acids, 
the acid dissolving slightly in both. SiO, is characterised— 

1. By its infusibility when heated. 
2. By its insolubility in water, and all acids except HF. 
3- By forming when heated with H,S0, and CaF, in a leaden vessel, 
gaseous silicic fluoride—Si¥ ,—which deposits the acid—H,SiO, 
—and forms Aydrofluosilicic acid—H,SiF,—in contact with 
< moisture. 

Silicates are insoluble in water, except the alkaline silicates. Many of 
them do not dissolve in strong acids (a few are decomposed by hot H,SOx, 
but by no other acid), but allare split up by the action of gaseous hydrofluoric 
acid or a mixture of CaF, and H,SO,. 

1. On adding HCl to an alkaline silicate, H4SiO, falls as a gelatinous 
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—scarcely visible—precipitate, slightly soluble in water. On 
evaporating to dryness and heating to 140° or 150° C., the 
addition to the residue of a little HCl and water leaves the SiO, 
as a white gritty powder. 

2. NH,Cl precipitates H,SiO, from an alkaline silicate. 

3. Silicic anhydride is separated from all acid and basic radicals by 
fusing the finely powdered silicate with KNaCO, (fusion mix- 
ture), in a platinum crucible; adding dilute HCl to the residue 
till effervescence ceases, evaporating, and, when dry, heating to 
140° or 150° C. On again treating this residue with water and 
HCl, SiO, alone remains insoluble. 


21. HYDROFLUOSILICIC ACID (H,SiF,). 


This acid is only known in solution. 

1. It is very acid, and dissolves metals with the evolution of hydrogen, forming 
silico-fluorides which decompose by heat, leaving fluorides, and giving off 
silicon fluoride—SiF,. 5 

2. It gives off hydrofluoric acid when evaporated, and should not, therefore, be 
heated in glass vessels, as they would be etched. 

3. The majority of silico-fluorides are soluble, the exceptions being K,SiF,, 
BaSiF., and Na,SiF,, which are insoluble, especially in presence of a little 
alcohol. 

4. It does not precipitate strontium salts, even from strong solutions, but throws 
down BaSiF, on adding BaCl, and alcohol, as a white translucent crystalline 
precipitate. 

5. Potassium salts throw down gelatinous K,SiF,. 


22. NITROUS ACID AND NITRITES. 


Nitrous Acid (so called commercially) is nitric acid containing nitrous 
anhydride. It is yellowish in colour, and evolves reddish fumes. 


Nitrites are all soluble in water, the least so being argentic nitrite. They are 
known as follows (practise upon potassium nitrate which has been heated 
to dull redness or upon sodium nitrite—NaNO,) :— 

1. They give red fumes when treated with strong sulphuric acid. 

2. They give an-instantaneous blue colour with potassium iodide and 
starch paste on the addition of a few drops of dilute sulphuric 
acid. The sulphuric acid liberates hydriodic acid from the 
iodide, and nitrous acid from the nitrite; the hydriodic acid 
is decomposed by the nitrous acid into iodine, water, and nitric 
oxide :— 


2HNO, + 2HI =I, + 2H,O + 2NO. 


[itrates, it must be remembered, would give frequently a similar reaction after 
standing, through the possible reduction of some portion of their nitric acid 
to nitrous acid ; so that unless the reaction appears instantly, and is confirmed 
by others, it is not safe to rely upon it as a test.] 


3. They give a dark brown colour with ferrous sulphate qwithout the 
previous addition of sulphuric acid, as required by nitrates. 

4. Potassium dichromate in solution is converted into a green liquid 
by the addition of a nitrite and an acid. These two latter 
substances also reduce solution of auric chloride, forming a 
precipitate of the metal, possessing a dark colour. 
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23. NITRIC ACID and NITRATES. 


Nitric Acid—HNO.—is strongly acid and corrosive, fumes in tne air, and 
readily dissolves most metals. It may be at once recognised by the following 
characters :— 

1. When poured on a piece of copper foil, and a piece of white paper 
held behind the test-tube, orange-red fumes of nitric peroxide 
—N,O,.—are observed. 

2. When dropped on a piece of quill in a basin, or evaporated in 
contact therewith, the quill is stained yellow, intensified to 
orange on adding an alkali, and not discharged by warming 
(distinction from the corresponding stains produced by iodine and 
bromine). 

3- Dropped on a few crystals of brucine, a deep red colour is 
produced. 


Nitrates are characterised by the following properties (practise upon solution 
of potassium nitrate—KNO,) :— 

1. All nitrates are soluble in water, especially when slightly acidulated 
with nitric acid. The nitrates of the alkalies are only decom- 
posed by a very high temperature, but nitrates of the heavy 
metals, such as copper, mercury, and lead, are readily decom- 
posed by heat, leaving a residue of oxide. (Argentic nitrate 
leaves metallic silver.) 

2. When heated with sulphuric acid, they evolve pungent fumes of 
nitric acid. 

3- When heated with sulphuric acid and a piece of copper wire, red 
fumes of nitric peroxide are formed in the tube. 

4. When mixed with a solution of ferrous sulphate in the presence of 
sulphuric acid, a black coloration is produced, due to the 
formation of nitrosyl ferrous sulphate. On heating, the colour 
disappears, and the ferrous is changed to the ferric sulphate. 


Note.—There are two ways of applying this test :— 

(a) Place a drop or two of the solution on a white porcelain slab or crucible lid, and 
having added a drop of strong sulphuric acid, put a small and clean crystal 
of the ferrous sulphate in the liquid, when a black ring will gradually form 
round the crystal. 

(2) Place the solution in a tube, and having added some strong solution of ferrous 
sulphate, cautiously pour some strong sulphuric acid down the side of the 
tube, so that it sinks to the bottom by reason of its great gravity without 
mixing with the fluid. If nitric acid be present, a dark line will be formed 
at the junction of the two liquids. 


5. Treated with sulphuric acid, and a few drops of indigo sulphate 
added, the blue colour of the latter is destroyed, being changed 
to yellow (not characteristic). 3C,,HijN2O, (INDIGoTIN) + 
4HNO; = 6C,H;NO, (Isatin) + 4NO + 2H,0O. 

6. The most delicate test for nitrates is, however, phenol-sulphonic 
(sulpho-carbolic) acid. This reagent is prepared by dissolving 
one part of carbolic acid in four parts of strong sulphuric acid, 
and then diluting with two parts of water. A few drops of the 
solution to be tested are evaporated to dryness on a porcelain 
crucible lid over the water bath, and while still over the bath 
a drop of the reagent is added, when a reddish colour is im- 
mediately produced, owing to the formation of nitro-phenol. 
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24, CYANOGEN, HYDROCYANIC ACID, and CYANIDES. 


Cyanogen—(C,N,) or (Cy,)—is a colourless gas, which is recognised— 
1. By its odour of bitter almonds. 
2. By its burning in the air with a peach-blossom-coloured flame, pro- 
ducing carbonic anhydride and nitrogen. 
3. By forming ammonium oxalate when passed into water. 


Hydrocyanic Acid—HCN— is volatile, soluble in water, and possesses a 
characteristic faint sickly odour of almonds. Its reddening action on litmus 
paper is very transient. Its tests are four in number, as follows :— 

1. The Silver Test.—Argentic nitrate gives a curdy white precipitate 
of argentic cyanide. ‘The precipitate is soluble in ammonium 
hydrate and in strong boiling nitric acid, but not in dilute 
nitric acid ; nor does it blacken on exposure to the light. 

2. Scheele’s Iron Test.—An excess of solution of potassium hydrate is 
mixed with the solution. To this a mixture of a ferreus and a 
ferric salt is added, and the whole acidulated with hydrochloric 
acid. If hydrocyanic acid be present, Prussian blue will be 
formed. 


The explanation of the test is as follows (according to Gerhardt’s view) :— 

(1) The hydrocyanic acid and the potassium hydrate form potassium cyanide. 

(2) The addition of the ferrous salt produces ferrous cyanide. 

(3) This reacting with the excess of alkali forms potassium ferrocyanide. 

(4) On the addition of the ferric salt, it is at first precipitated by the excess of alkali, 
as ferric hydrate, which on acidulation dissolves to ferric chloride, forming 
ferric ferrocyanide (Prussian blue). 

(i.) 6HCN + 6KHO = 6KCN + 6H,0O. 
(ii.) 6KCN + 3FeCl, = 3Fe(CN), + 6KCL. 
(iii.) 3Fe(CN), + 4KHO = K,Fe(CN), + 2Fe(HO),. 
(iv.) 3K,Fe(CN), + 2Fe,Cl, = (Fe,)(Fe(CN),)3 + 12 KCL. 
Or the whole may be shown in one equation, thus :— 
I8KCN + 3FeCl, + 2Fe,Cl, = (Fe,),(Fe(CN),), + 18 KCL. 


3. The Sulphur Test.—A few drops of yellow ammonium sulphydrate 
is added, and the whole is evaporated to dryness at a very 
gentle heat, with the addition of a drop of ammonium hydrate. 
A residue is thus obtained which (when cold) strikes a blood- 
red colour with ferrie chloride, not dischargeable by hydro- 
chloric acid, but at once bleached by solution of mercuric 
chloride. 


Lhis colour is due to the formation of ammonium thiocyanate (which takes place 
when an alkaline sulphide, containing excess of sulphur, is brought into 
contact with cyanogen )— 

2HCN + (NH,),S + S, = 2NH,CNS + H,S, 
and subsequent production of red ferric sulphocyanide. 

4. Schinbein’s Test.—Filtering paper is soaked first in a 3 per cent. 
alcoholic solution of guaiacum resin, and then in a 2 per cent. 
solution of cupric sulphate, and exposed to the air. When 
this paper is either moistened with the suspected solution er 
exposed to its vapour, a blue colour is produced. 


Cyanides are known (practise upon solution of potassium cyanide—KCN)— 
1. By effervescing and giving off the odour of hydrocyanic acid when 
heated with sulphuric acid. 
2. By answering to all the tests for hydrocyanic acid above mentioned. 


Note.—In applying the silver test to a soluble cyanide, the reagent must be added 
in excess, as argentic cyanide is soluble in alkaline cyanides to form double 
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cyanides of silver and the alkali used. Excess of argentic nitrate, however, 
decomposes these compounds, and forms insoluble argentic cyanide. The 
previous addition of a s/ight excess of dilute nitric acid ensures the immediate 
separation of the argentic cyanide, by preventing the reaction just referred to. 

3. Insoluble cyanides yield cyanogen when heated fer se in a small 
dry test-tube, the open end of which has been drawn out into 
a jet after the introduction of the cyanide. The application of 
a light to the jet gives the characteristic flame of cyanogen. 


25. CYANIC ACID and CYANATES, CYANURIC ACID and 
FULMINIC ACID. 


Cyanic Acid—HCNO— is characterised— 

1. By being a colourless liquid, having a strong pungent odour, greatly resembling 
acetic acid, or very weak sulphurous acid, and forming ammonium bicar- 
bonate on adding water. 

2. By changing into a white solid zsomer on keeping, heat being evolved, but no 
decomposition occurring. 

Cyanates are known— 

1. By giving, when moistened, a bicarbonate. (The potassium salt—KCNO—for 
instance forms potassium bicarbonate—KHCO;3.) 

2. By producing urea when evaporated with an ammonium salt. 


Cyanuric Acid is a polymeric modification of cyanic acid, which is recognised— 
1. By being a crystalline solid, yielding cyanic acid on applying heat. 
2. By not being decomposed by strong hot HNO, or H,SO,. 
Fulminie Acid (intermediate between the two above acids) differs from both by the fearful 
explosibility of its salts. 


26. THIOCYANATES (Sulphocyanates). 


(Practise upon solution of potassium thiocyanate—KCNS). 


Sulphocyanates are recognised— 

1. By evolving hydrocyanic acid and depositing sulphur on heating 
with sulphuric acid. 

2. By producing with Fe,Cl,, or any ferric salt, a blood-red solution 
of ferric thiocyanate—Fe, (CNS);—not destroyed by HCl (ais- 
tinction from acetate), but bleached by mercuric chloride 
(distinction from meconate). 


27. FERROCYANIDES 


(Practise upon solution of potassium ferrocyanide—K,4Fe(CN),.) 


Ferrocyanides are mostly insoluble in water, except those of the metals of the 
first and second groups. They are characterised— 

1. By giving off hydrocyanic acid and forming a deposit on heating 
with diluted sulphuric acid. 

2. By giving with FeSO, or any ferrous salt a white precipitate 
of potassium ferrous ;ferrocyanide—K,Fe(Fe(CN),)—changing 
quickly to blue. 

3. By yielding with Fe,Cl, or any ferric salt a dark blue precipitate 
of ferric ferrocyanide—(Fe,),(Fe(CN),)3—insoluble in HCl, but 
turned reddish-brown by KHO, which decomposes it into 
ferric hydrate and potassium ferrocyanide. The original blue 
is restored by adding HCl. 

4. Cupric salts produce a reddish-brown precipitate of cupric ferro- 
cyanide—Cu,Fe(CN),— insoluble in acids, dissolved by NH,HO 
but left unaltered on evaporating off the ammonia. 
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5. By precipitating white plumbic ferrocyanide from solutions of lead 
salts. 


6. By yielding white mercuric ferrocyanide with a mercuric salt. 

7. By giving a white gelatinous precipitate of zine ferrocyanide on the 
addition of solutions of zine salts. 

8. By producing with argentic nitrate—AgNO,—white gelatinous 
silver ferrrocyanide, dissolved by NH4HO on heating. 


LVone of these precipitates can be produced in alkaline solutions ; and they form 
best in slightly acid solutions. 


28, FERRICYANIDES. 


(Practise upon solution of potassium ferricyanide—K,Fes(CN)j».) 


Most ferricyanides are insoluble, those of the alkalies and of the barium 
group being exceptions. ‘They are recognised— 

1. By yielding an odour of hydrocyanic acid, and a deposit on heating 
with diluted sulphuric acid. 

2. By producing with FeSO, or any ferrous salt dark-tinted Zurn- 
bul’s blue—F¥e,Feo(CN),,—insoluble in acids, but forming 
K,Fe2(CN)i2 when boiled with KHO, and depositing dirty 
green Fe (HO),. 

3. By producing no precipitate but a brownish coloration when 
added to Fe,Cl, or any ferric salt in solution (distinction from 
Serrocyanide). 

4. By giving no precipitate in a lead solution (another distinction from 
Serrocyanide ). 

5. By throwing down mercurous ferricyanide of a brownish-red colour 
from a mercurous solution. 

6. By yielding with argentic nitrate solution an orange precipitate of 
argentic ferricyanide (another distinction from ferrocyanide). 


29. HYPOPHOSPHITES. 


(Practise upon solution of calcium hypophosphite—Ca(PH20,)..) 


All soluble except the silver salt. The following reactions serve for their 
detection :— 

1. When heated in a solid state, they take fire, evolving phosphuretted 
hydrogen, and leaving a residue of pyrophosphate. 

NVote.— This must be done on porcelain, as they destroy platinum foil. 

2. With argentic nitrate they give a white precipitate, which turns 
brown owing to its reduction to metallic silver. 

3- With mercuric chloride they yield, when slightly acidulated with 

Cl, a precipitate of calomel, which, on heating, turns dark, 
owing to a reduction to the metallic state. 

4. After removal of the base, the free aon pea acid, when 
boiled with solution of cuprie sulphate, will give a deposit of 
metallic copper. 

5. Treated with ammonium molybdate—(NH,),Mo0,—they give a 
fine d/ue precipitate. As afterwards mentioned, phosphates give 
a yellow, and consequently when the solution contains both | 
classes of salts the precipitate is gveex. This forms an excellent 
and rapid method of checking any commercial sample of 
hypophosphites. 
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They are distinguished from phosphites by not giving precipitates with 
neutral barium, or calcium chloride, or with plumbic acetate. In performing 
the 4th reaction, the base, if calcium, is removed by oxalic acid, if barium, by 
sulphuric acid, and if a heavy metal, by sulphuretted hydrogen. 


30. PHOSPHOROUS ACID—H;P0;—and PHOSPHITES 


are distinguished as follows :— 

1. Heated on platinum foil, they burn. They are powerful reducing agents. 

2. The only phosphites soluble in water are those of K, Na, and NH,, but acetic 
acid dissolves all, except plumbic phosphite. 

3. With zinc and sulphuric acid (nascent hydrogen) they yield phosphuretted hydro- 
gen, burning with an emerald-green colour, and throwing down Ag,P, as well 
as Ag from AgNO, in solution. 

4. They give precipitates with neutral barium, and calcium chlorides, and also with 
plumbic acetate, which hypophosphites do not. 

5. Heated with mercuric chloride or argentic nitrate, they yield a precipitate of 
metallic mercury or silver. 


2HgCl, + 2H,;PO; + 2H,0 = 2H;PO, + Hg, + 4HCl. 


31. META- AND PYRO-PHOSPHORIC ACIDS AND THEIR SALTS. 


Metaphosphoric Acid—HPO,—is a glassy solid, not volatile by heat. It is freely soluble in 
cold water, and is converted by boiling into orthophosphoric acid. It is known by giving 
a white precipitate with ammonio-argentic nitrate, and by its power of coagulating albumen. 
Metaphosphates are known by— 
1, Giving no precipitate with ammonium chloride, ammonium hydrate, and mag- 
nesium sulphate, added successively. 
2. Giving a white precipitate of argentic metaphosphate—AgPO,—with argentic 
nitrate only in neutral solutions, and soluble both in nitric acid and am- 
monium hydrate. 


Pyrophosphoric Acid—H,P,0,—is also soluble in water and convertible by boiling into 
orthophosphoric acid. It gives a white precipitate with ammonio-argentic nitrate, but 
does not coagulate albumen. Pyrophosphates are insoluble in water, except those of the 
alkalies. Their tests are not very well defined, but they give— 

1. A white precipitate of argentic pyrophosphate —Ag,P,0,—with argentic nitrate 
in a neutral solution only, and soluble both in nitric acid and ammonium 
hydrate. 

2: (NH.),Mo0, does not produce an immediate precipitate, 


32. ORTHOPHOSPHORIC ACID and ORTHOPHOSPHATES. 


Orthophosphoric acid—H,P0,—is a liquid with a strongly acid reaction, 
converted by heat first into pyro- and finally into meta-phosphoric acid, 
which remains as a glassy residue. It is— 

1. Not volatile by a red heat. 

2. It gives a yellow precipitate of argentic phosphate—Ag,;P0,—when 
treated with ammonio-argentic nitrate, soluble both in nitric 
acid and ammonium hydrate. 

Phosphates are as a rule insoluble in water, except the alkaline ones. They 
are readily soluble in dilute acids, and entirely reprecipitated on neutral- 
ising by an alkali or analkaline carbonate. Calcium, strontium, and barium 
phosphates are only partly soluble in dilute sulphuric acid, being converted 
into a soluble phosphate and an insoluble sulphate of the metal. If the 
insoluble sulphate be filtered out, the addition of an alkali causes only a 
slight precipitate of a dimetallic phosphate, and a phosphate of the alkali 
used is left in solution; but it is only after the use of sulphuric acid that 
any phosphate thus remains dissolved. 

Phosphates are detected as follows (practise on solution of disodium-phos- 
phate—Na,H PO,)— 
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1. With barium or calcium chloride white precipitates are produced, 
soluble in acetic acid (distinction from oxadates) and all stronger 
acids. 

2. With argentic nitrate a lemon-yellow precipitate of argentic phos- 
phate forms, soluble both in nitric acid and ammonium hydrate. 

3. With ferric chloride in the presence of ammonium acetate a white 
precipitate of ferric phosphate appears, insoluble in acetic acid. 

4. With magnesia mixture phosphates yield a white crystalline pre- 
cipitate, forming slowly in dilute solutions, consisting of ammo- 
nium-magnesium phosphate—Mg(NH,4)PO, + 6H2:0—soluble 
in acetic and all acids. 

5. With solution of ammonium molybdate in nitric acid a yellow 
precipitate is produced, insoluble in nitric acid, but soluble in 
ammonium hydrate. 

6. With uranic nitrate—UrO,(NO3)2—phosphates yield a yellow 
precipitate of uranic phosphate, also insoluble in acetic acid. 

7. With mercurous and bismuthous nitrates white precipitates are 
formed, the former soluble and the latter insoluble in nitric 
acid, 

8. With any soluble salt of lead a white precipitate of plumbic phos- 
phate is produced, soluble in nitric acid, but insoluble in acetic 
acid or ammonium hydrate. 


Note.—Magnesia mixture is made by dissolving ordinary magnesium 
carbonate in a slight excess of dilute HCl, then adding to this solution 3 
of its bulk of strong NH4HO, and finally stirring in solid NH,Cl until the 
precipitate is dissolved. 


33. ARSENIOUS ACID and ARSENITES. 


Arsenious Acid—H,As0,—is not known in the free state; but its anhydride 
—As,O,—is commonly sold as arsenious acid, and when— 


t. Dropped upon red-hot charcoal or coal, or heated in a dry tube 
with black flux (or a mixture of dry sodium carbonate and 
potassium cyanide), arsenic—As,—is set free, and volatilises 
with an odour of garlic, producing a steel-grey mirror on the 
sides of the tube. 

2. Dissolved in water only, and ammonio-argentic nitrate added, a 
canary-yellow precipitate of argentic arsenite—Ag,AsO,;—is 
produced, soluble in excess of either NH,HO or HNO,, 

3. A pure aqueous solution, mixed with ammonio-cupric sulphate, 
gives a bright-green cupric arsenite—Scheele’s green—CuHAsO, 
—also soluble in NH4HO or in HNO,. . 

4. Any solution yields all the reactions for arsenic (see page 15). 


Arsenites behave peculiarly in many respects. Ammonium arsenite leaves 
arsenious acid on evaporating a solution, while potassium and sodium 
arsenites possess a degree of alkalinity which no excess of arsenious acid 
will disturb. Ba, Sr, and Ca form soluble hydrogen salts. All other 
arsenites are insoluble. 

Neutral solutions of arsenites are possessed of the undermentioned distinctive 
peculiarities :-— 

1. CuSO, throws down greenish cupric-hydrogen arsenite. 

2. AgNO, is transformed into yellow insoluble argentic arsenite. 

3. H,S, in the presence of hydrochloric acid, gives a yellow precipitate of 
arsenious sulphide. 

4. The solution gives the usual reactions for arsenic (see page 15). 
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34. ARSENIC ACID and ARSENIATES, 


Arsenic Acid—H,As0,—is known by the following characters :— 

1. The crystals are deliquescent, white, and strongly acid. Heated, 
they leave a residue, which, on moistening with water, is also 
acid. 

2. It is strongly corrosive and blisters the skin. It gives drick-red 
Ag,AsO, on adding ammonio-argentic nitrate. 


Arseniates behave in every respect exactly like phosphates, except that they 
give a brick-red precipitate with argentic nitrate, instead of a yellow. 
Insoluble arseniates are best treated by boiling with NaHO, filtering, exactly 
neutralising the filtrate with dilute HNO, and then getting the brick-red 
precipitate with AgNO; 


35. MANGANATES, 


Manganates are unstable compounds, and only the alkaline salts dissolve in water, forming 


green solutions. 
I. Soluble manganates decompose spontaneously, depositing MnO,, the green colour 
changing to purple or reddish violet, owing to the formation of a perman- 


ganate, 
3K,Mn0, + 2H,O = 2KMn0O, + 4KHO + Mn0O,,. 
2. Dilute acids effect this change more rapidly, and the reaction is very delicate. 
The free hydrate is then replaced by a salt of the acid used. 
3. Strong, heated H,SO, acts as represented in this equation : — 
K,MnO, + 2H.SO, = K,SO, + MnSO, + 2H,0 + O,. 
4. Strong HCl causes the evolution of Cl, The other actions are similar to those 
of permanganates, but less energetic. 


36. PERMANGANATES, 
(Practise on solution of potassium permanganate—K MnO,.) 


Permanganates are known— 

1. By the violet colour of their solutions, which is entirely bleached by 
oxalic acid or by heating with hydrochloric acid and dropping 
in rectified spirit. 

2KMn0O,4+5H,C204+ 3H,SO1=K,SO4 + 2MnSO4+ 10CO, + 8H,0. 

2. By giving off oxygen on heating. 

3. By giving off oxygen when heated with sulphuric acid, often with 
explosive violence. 

4. By evolving chlorine when simply mixed with hydrochloric acid. 

5. By getting the reactions for manganese after reducing with HCl and 
a few drops of alcohol. 


37. CHROMIC ACID and CHROMATES. 


Chromie Acid—H,Cr0,—not being capable of isolation, is represented by 
its anhydride—CrO;. This is a dark red crystalline solid, giving off oxygen 
when heated, and when mixed with an aqueous solution of hydrogen peroxide 
—(H,O,)—in ether a deep blue liquid results. 

This test, for either CrO, or H,Oz, is exceedingly delicate, the ethereal 
solution of perchromic acid separating from the water and thus concentrating 
the colour into a small bulk of ether. 
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Chromates of the alkalies are soluble, while those of the other metals are 
chiefly insoluble, but have brilliant yellow or red colours. ‘They are very 
poisonous, and are detected as follows (practise on solution of K,CrO, and 
K,Cr20, respectively) :— 


1. Soluble chromates give a yellow precipitate with plumbic acetate 
or barium chloride, soluble in nitric acid, insoluble in acetic 
acid. ‘The lead salt is darkened in colour by alkalies, and is 
freely soluble in excess of hot KHO. 

2. With argentic nitrate a dark red precipitate, also soluble in nitric 

acid, and in NH,HO, but not in acetic acid. 

- Boiled with hydrochloric acid and alcohol, or any reducing agent, 

they turn green, owing to the production of chromic chloride. 

. Treated with sulphuretted hydrogen, in the presence of hydrochloric 

acid, they turn green, and a deposit of sulphur takes place :— 
2K,Cr,O, + 16HCl + 6H,S = 2Cr,Cl,y + 4KCl + 352 + 14H20. 

Soluble chromates treated with an acid turn orange; and soluble 

dichromates, when treated with potassium hydrate, turn yellow. 
In this way they are mutually distinguished. 
. Heated with strong H,80, they give off oxygen. 
. Treated with an excess of sulphuric acid, and shaken up with 
solution of hydrogen peroxide in ether, they give a gorgeous 
blue colour. 


a, US 


dy 


“wT OF 


38. STANNIC ACID and STANNATES (Stannites ?). 


This is thrown down by an alkaline hydrate from a stannic salt, and is also produced by the 
action of nitric acid upon tin. 


Stannates are formed by the solution of the acid in an alkaline hydrate, and are detected in 
the examination for metals, 


Stannites are said to be formed by the solution of stannous hydrates in an alkaline hydrate. 
They decompose on boiling with KHO, forming stanmazes and throwing down metallic tin. 


39. ANTIMONIC ACID 


Is produced by the action of nitric acid upon antimony as a white powder. Its presence is 
detected during the examination for metals. 


40. FORMIC ACID and FORMATES. 


Formic Acid—HCHO,—is the organic acid which contains the highest 
percentage of oxygen, and approaches most nearly in composition to the 
supposititious carbonic acid—H,CO;. It is a tolerably stable liquid, boiling at 
the same temperature as water. Formates are all soluble in water, and behave 
as follows :— 


1. Heated to redness they decompose without blackening. 
2. Heated with H,S0, they evolve CO, which, being free from CO,, 
gives no effect when passed through “me-water, but burns with 
the usual pale blue flame. The reaction is— 


HCHO; = CO + H,0. 


3. They readily reduce argentic nitrate, when boiled, metallic silver 
separating as a mirror on the tube. 
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41, ACETIC ACID and ACETATES. 


Practise on sodium acetate—NaC,H,0O,.) 


This acid is characterised by its odour of vinegar. The strong acid chars 
when heated with strong H,SO,. 

Acetates are all soluble in water. They decompose at a red heat—if the 
heat rise gently and the mass be not alkaline—yielding acetone, and leaving 
a carbonate, oxide, or metal, according to the nature of the basic radical. 
When heated with alkalies marsh gas—CH,4—is evolved. The reaction is of 
this type :— 

NaC,H;0, + NaHO = Na,CO3 +CHg. 


In the case of no alkaline hydrate or carbonate being present, the following 
Ils an example of the effect of heat on acetates :— 


Ba(C,H;0,)2 = BaCO; + C3H,O (Acetone). 


Acetates of easily reducible metals, such as copper, yield, when heated, a 
distillate of acetic acid, leaving a residue of the metal, or in some cases of 
oxide. The presence of acetates is analytically determined as follows :— 

1. By ae an odour of acetic acid when heated with sulphuric 
acid, 

2. By a characteristic apple-like odour of acetic ether—C,H;(C,H,0,) 
—which they evolve when heated with sulphuric acid and 

alcohol. . 

3. By the deep red colour which they xoduce with neutral ferric 
chloride—ferric acetate, Fe,(C,H;0,),—dischargeable by both 
hydrochloric acid and mercuric chloride. 


42. VALERIANIC ACID and VALERIANATES. 


Valerianic Acid—HO,H,0,—is a liquid, which is— 
Volatile, malodorous, colourless, and oily. It reddens test-paper, and 
dissolves in most menstrua. 


The general characters of Valerianates are :— 

1. A more or less strong odour of valerian root when warmed or 
moistened. 

2. They give, when heated with sulphuric acid, an odour of valerian 
and a distillate which, on the addition of solution of cupric 
acetate, forms, after the lapse of some time, an oily precipitate ; 
gradually solidifying, by the absorption of water, into a greenish- 
blue crystalline solid. 


43, SULPHOVINATES (Ethyl sulphates). 


These salts, derived from ethyl hydrogen sulphate—C,H;HSO,—behave 
as follows :— 

1. Heated with strong sulphuric acid, they evolve a faint ethereal 
odour. 

2. They give no precipitate in the cold with barium chloride; but on 
boiling, a white precipitate of barium sulphate falls, and a smell 
of alcohol is perceived. The addition of a little solution of 
barium hydrate after the chloride and before boiling, facilitates 
the reaction ; but in this case all metals precipitable by a fixed 
alkali must first, of course, be removed. 

3. Heated to redness, they leave a sulphate of the metal. 
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4. Heated with sulphuric acid and an acetate, or with strong acetic 
acid, they evolve acetic ether with its characteristic odour of 
apples. 


44, STEARIC ACID—HC,,H,,0,—and STEARATES. 


This acid is distinguished by the following characters :— 

1. A white, odourless, fatty solid, melting by heat and soluble in 
absolute alcohol, the solution having an acid reaction. 

2. Giving, when dissolved in KHO and the solution as nearly neutral- 
ised as possible, a white insoluble precipitate of plumbic stearate 
—Pb(C,,H;;0,),—on the addition of plumbic acetate, which is 
insoluble in ether (distinction from plumbic oleate). 


Stearates of the alkalies are alone soluble in water. 

Any stearate heated with dilute HCl gives the free acid, which floats 
as an oily liquid, solidifying on cooling to a white mass. This 
test is applicable to the analysis of soap (ard, containing Na, 
or soft, in which K is present). 


45. OLEIC ACID and OLEATES. 


Oleic Acid—HC,,H;3;0,—is usually an oily liquid, but remains solid below 
15° C. when crystallised from alcohol. 
It does not dissolve in water, but is taken up by ether and by strong 
alcohol, the latter solution being acid in reaction. 


Oleates of K and Na alone dissolve in water. Acid oleates are all liquid and 
soluble in cold absolute alcohol and ether. 
1. They do not separate out from either of these solvents when a hot 
solution is cooled (distinction from stearates and palmitates). 
2. Flumbic oleate is precipitable like plumbic stearate, but is separated 
and distinguished from it by dissolving in ether. 


! 46. LACTIC ACID—HC;H,0;,—and LACTATES. 


The pure strong acid resembles g/ycerine in appearance, liberates hydrogen 
on adding zinc, and on heating takes fire and burns away with a pale flame, 
gradually becoming luminous. It dissolves in ether. It gives pure CO when 
heated with sulphuric acid. Boiled with solution of potassium permanganate 
it gives the odour of aldehyd. 


Lactates are not very soluble in water. They— 
1. Are insoluble in ether. 
2. Argentic lactate —AgC,;H;0;—when boiled gives a dark precipitate, 
which on subsidence leaves a d/ue liquid. 
3. Strong solution of an alkaline lactate, when boiled with HgNO,, 
deposits crimson or pink mercurous lactate—Hg,(C3;H;04)o. 


47. OXALIC ACID and OXALATES. 


(Practise on oxalic acid —H,C,0,—and on “salts of sorrel.”) 
The acid is recognised — 

1. By its colourless prismatic crystals, which are strongly acid, effloresce 
when exposed to dry air, and volatilise on heating with partial 
decomposition. 

2. By the complete discharge it effects of the colour of a solution of 
potassium permanganate acidulated with dilute H,S0,. 


SUCCINATES—MALATES—TARTRATES 49 


3. By producing free H,S0, when added to solution of CuSO,. (This 
is one of the very rare instances in which SQ, is replaced by 
another acid radical and H_ SO, liberated.) 

4. By giving the reactions of an oxalate. 

Oxalates of the alkalies are soluble, the others insoluble, in water. Insoluble 
oxalates dissolve in hydrochloric, but not in acetic acid. ‘They are known by— 

1. Not charring when heated, but only turning faintly grey ; followed 
by a sudden glow of incandescence, which runs through the 
mass. 

2. Not charring when heated with sulphuric acid, but yielding CO and 
CO, with effervescence. 

3. Not effervescing with cold dilute sulphuric acid; but at once 
liberating CO, with effervescence on the additon of a pinch 
of manganese peroxide. 

4. With calcium chloride or barium chloride in a neutral or alkaline 
solution, they give a white precipitate of calcium or barium 
oxalate, zzsoluble in acetic acid, but soluble in hydrochloric acid. 

(For separation of oxalates from tartrates, etc., see No. 78.) 


48. SUCCINIC ACID—H,C,H,0,—and SUCCINATES. 


This acid is a white crystalline solid. It is known— 

I. By not charring with strong hot sulphuric acid. 

2. By subliming in a tube open at both ends, in silky needles, without giving off an 
writating vapour (distinction from benzoic acid). 

3. By burning, when heated on platinum, with a blue smokeless flame. 

Succinates are recognised as follows :— 

I. With ferric chloride, a brownish-red precipitate of ferric succinate—Fe,(C,H,O,), 
—is formed. 

2. With hydrochloric and sulphuric acids no precipitate is produced (distinction from 
benzoates). With plumbic acetate, a white precipitate of plumbic succinate, 
soluble in succinic acid, succinates, and plumbic acetate. 

3- Barium succinate is soluble in hydrochloric acid, hence no effect results from the 
addition of succinic acid to barium chloride ; but on the further addition of 
alcohol and ammonium hydrate, a white precipitate is formed (another point 
of distinction from benzoates). 


49. MALIC ACID and MALATES. 


Malic Acid—H_C,H,0;—is a colourless, crystalline, very deliquescent acid, freely soluble 
in water and alcohol. Acid malates are most stable. The characters are :— 
I. Calcium chloride, added to a neutral solution of a malate, gives no precipitate. 
Alcohol, however, even if added in small quantity, throws down a white 
precipitate ; and boiling aids the effect. If boiled with lime water, calcium 
malate dissolves. Calcium citrate is insoluble. 
2. Strong H,SO, gives no charring for some time (a ¢artrate is carbonised in a few 
minutes). 


3. Amorphous f/umdbic malate fuses below 100° C, in water, but not in an air-bath. 


50. TARTARIC ACID and TARTRATES, 


(Practise upon the free acid and also upon “ Rochelle salt.”) 
Tartaric Acid—H,C,H,0,—is a strong acid, soluble in water and spirit. 

1. It forms usually oblique rhombic prismatic crystals, of an acid taste. 

2. It is decomposed by heat, giving off the odour of durnt sugar, and 
leaving carbon. A similar effect is produced by warming with 
strong H,SQ,, which blackens and carbonises it in a few minutes. 

3. With potassium acetate—KC,H.0,—it produces a white crystalline 
precipitate of potassium hydrogen tartrate—KHC,H,O,—in 
either an aqueous or an alcoholic solution, soluble in much 
water, but not in spirit. Stirring or violent shaking promotes 
the formation of the salt. 
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The same compound is produced on adding any potassium salt, provided 
the liquid contain excess of free tartaric acid only. 

Tartrates of the alkalies are mostly soluble ; but the others are insoluble. 
The acid tartrates of K and (NHy) are nearly insoluble. Tartrates are 
recognised by the following characters :— 

1. Heated to dull redness they char rapidly and give off a smell of 
burnt sugar. The black residue contains the metal as car- 
bonate if it be K, Na, Li, Ba, Sr, or Ca; but the tartrates cf 
other metals usually leave the oxides, or more rarely (as in the 
case of Ag,C4H,4O,) the metal. 

2. Heated with strong sulphuric acid, they blacken rapidly, and give 
first a smell of burnt sugar, and afterwards evolve SO,. 

3. Neutral solutions (free from more than a trace of ammonium salts) 
give, on adding calcium chloride, a white precipitate of calcium 
tartrate, which, when freed from other salts by washing, dissolves 
readily in cold solution of potassium hydrate, but is again pre- 
cipitated on boiling. The precipitate is somewhat soluble in 
NH,Cl, but not in NH,HO. 

4. Mix a tartrate with sodium carbonate, and filter the slightly alkaline 
solution, so that the only metal present shall be sodium. If 
this clear solution, after s/igh¢ acidulation with acetic acid, be 
mixed with argentic nitrate, the whole on heating nearly to 
boiling in a clean tube, deposits a beautiful mirror of metallic 
silver upon the test-tube employed. 

5. A tartrate prevents the precipitation (more or less perfectly) of the 
salts of Pb, Bi, Cd, Cu, Pt, Fe,, Mn, Ni, Co, Cr, and Zn, by an 
alkaline hydrate in excess, or by a phosphate. 


51. CITRIC ACID and CITRATES. 
(Practise upon the free acid and upon potassium citrate.) 


Citric Acid—H,C,H,0,—is soluble in water and alcohol, but insoluble in 
pure ether. It entirely burns away when heated to redness in the air; 
blackens slowly when heated with strong sulphuric acid ; and when neutral- 
ised by ammonium hydrate, and cooled, the solution gives no precipitate 
with calcium chloride until it has been boiled. Added to ferric, chromic, 
or aluminic salts in solution, it prevents their precipitation by ammonium 
hydrate. 

Citrates exhibit the following characters :— 

1. Heated alone, they char slowly, and evolve an odour of burnt sugar, 
but not so intense as that of a tartrate. Ata dull red heat, the 
citrates of K, Na, Li, Ba, Sr, and Ca leave their carbonates ; 
but those of most other metals leave the oxides. Argentic 
citrate leaves the metal. 

2. Heated with strong sulphuric acid, they s/ow/y blacken, and evolve 
a slight odour of burnt sugar. 

3. Mixed in the cold with calcium chloride, in the presence of a slight 
excess of ammonium hydrate, they give no precipitate ; but on 
boiling, calcium citrate—Ca,(C,H,O,),—separates as a white 
precipitate. If this precipitate be filtered hot, and washed with 
a little boiling water, it is found to be quite insoluble in cold 
solution of potassium hydrate, but readily soluble in neutral 
solution of cupric chloride. 

4. Mixed with argentic nitrate and boiled, xo mirror of metallic silver 
is produced. 
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52. MECONIC ACID and MECONATES. 


Meconic Acid—H,C,H,0,3H,0—is a white powder, with a strongly acid 
reaction, soluble in water, alcohol, and ether, and giving the reaction for 
meconates. 

Meconates communicate a red colour to ferric chloride solution. This colour 
is not discharged by HgCl, nor by dilute HCl (distinction from a sulpho- 
cyanate and an acetate). 


58. CARBOLIC ACID (or Phenol)—C,H,HO—and CARBOLATES (Phenates). 


The qualities of this body are very distinctive. 
1. It is a colourless, crystalline solid, melting at not lower than 33° C., 
and not volatile at 100° C., having the odour and taste of 
creasote, being very poisonous, and not reddening blue litmus 


paper. 

2. The crystals deliquesce readily, forming a liquid which does not 
mix freely with water, but is soluble in all proportions in alcohol, 
ether, and glycerine. 

3. Mixed with HCl and exposed to the air on a strip of deal, it 
becomes greenish blue. 

4. It coagulates a/bumen. It does not rotate polarised light. 

5. Saturated with ammonia gas—NH,—and heated in a closed tube, 
aniline is formed :— 

C,H;HO + NH; = C,H;H,N + H,0O. 

6. It does not decompose carbonates. 

7. NH,HO and Ca0Cl,, or Na,OCl,, produce a blue liquid, turned red 
by acids. 

8. It unites directly with strong H,S0, to form phenol-sulphonic (or 
sulpho-carbolic) acid. 

9. With bromine water it gives a white precipitate of tribromophenol 
—C,H3Br,0. 

Carbolates give the following reactions :— 

1. When heated alone, they evolve the odour of carbolic acid and 
decompose. 

2. Heated with strong sulphuric acid they also smell of carbolic acid. 

3. Ferric chloride causes a reddish-violet colour. 

Sulpho-Carbolates behave similarly, but, after fusion with KNO, and redis- 
solving the residue in diluted HCl, they also give the reactions of a sulphate 
with barium chloride. 


54. BENZOIC ACID and BENZOATES, 


Benzoic Acid—HC,H,0,—is of characteristic appearance, being usually seen 
in light, feathery, flexible, nearly colourless crystalline plates or needles, and 
containing a trace of an agreeable volatile oil, unless it is the artificial acid 
prepared from naphthalene, when it is odourless. 

a. It is only slightly soluble in water, but dissolves in three parts of 
alcohol, and in solutions of soluble hydrates. 
2. Heated in the air, it burns with a luminous smoky flame; and 
when made hot in a tube open at both ends, sublimes in 
needles, giving off an zrritating vapour. 

Benzoates possess the following general qualities :— 

1. Heated with sulphuric acid they evolve the odour of benzoic acid, 
and darken. 

2. Ferric chloride, in a solution made s/ighily alkaline by ammonium 
hydrate, gives a reddish-white precipitate—ferric benzoate— 
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Fe,(C,;H,O,),—soluble in acids (denzoic included) _ If this pre- 
cipitate be now filtered out and digested in ammonium hydrate, 
it is decomposed into a precipitate of ferric hydrate, and a 
solution of ammonium benzoate, which is separated by filtration 
and treated as in 3. 

3. Strong hot solutions of benzoates yield crystals of Jenzotc acid when 
hydrochloric acid is added and the solution allowed to cool. 


55. SALICYLIC ACID (HC_H,0,). 


This acid occurs in prisms, when crystallised from a solution in alcohol in 
which it is readily soluble. It is freely dissolved by hot water, but not 
readily by cold, requiring 1,800 parts of the latter to completely dissolve it. 

1. Its aqueous solution gives with ferric chloride a deep violet coloration. 
The compounds with methyl, ethyl, etc., give this reaction, as 
well as the ordinary salts. 

2. Its methyl ether, formed by warming a salicylate with sulphuric 
acid and wood spirit has the odour of oil of wintergreen. 

From most other solid bodies it may be separated by taking advantage of 
its exceptionally great solubility in ether. In the event of its presence in 
an organic liquid (such as milk), it or its salts may be procured in a pure 
condition by dialysis. 


56. TANNIC, GALLIC, and PYROGALLIC ACIDS. 

‘Tannic Acid—C,,H,.0,,—is soluble in water and alcohol, and very soluble 
in glycerine. It is insoluble in pure dry ether, but dissolves readily in 
ether containing a little water. 

Gallic Acid—H,C,H.0,H,O—is slightly soluble in cold water, but readily in 
boiling ; it is also freely soluble in glycerine, and slightly in alcohol 
and ether. 

Pyrogallic Acid—C,H,0.—is very soluble in water, the solution rapidly 
absorbing oxygen from the air and becoming brown. It also dissolves 
in alcohol and ether. 


DISTINCTION BETWEEN GALLIC, TANNIC, AND PYROGALLIC ACIDs. 


BEHAVIOUR OF THE GALLIC. TANNIC. PYROGALLIC. 
ACID WITH 
| Ferrous salts— A dark solution | The same effect | A blue solution. 
' FeSQO4. is formed, as Gallic. 
gradually de- 
positing a 
precipitate. 
Ferric salts— Purplish pre- | Same as_ pre- | A red solution. 
Fe,Cl,. cipitate im- ceding. 
mediately 
formed. 
{ Calcium hydrate | A brownish pre- | A white preci- | Instantaneous 
| — Ca(OH), — cipitate, be- pitate slowly production of 
in the form of coming deep changing. a purple solu- 
| Milk of Lime. brown in a tion becoming 
few seconds. brown by oxi- 
dation. 
Gelatine . . No precipitate | Immediate No precipitate. | 
(except in the brownish 
presence of | precipitate. 
gum). | 
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57. SEPARATION OF CHLORATES AND CHLORIDES. 


Note.—The tests which follow are applicable to tests for adulterations, where, for obvious 
reasons, the confirmatory test for a suspected adulterant would not apply. 


(Practise on mixed solutions of KCl and KCIO,.) 


Add excess of argentic nitrate, filter out the argentic chloride formed, and 
then acidulate with sulphuric acid, and drop in a fragment of zinc, when, if a 
chlorate be present, a second precipitate of argentic chloride will form. 


58. DETECTION OF CHLORIDES IN THE PRESENCE OF BROMIDES. 
(To be practised on a mixture of KCI and KBr.) 


The solution is divided into two parts, in one of which the bromide is 
proved by the addition of chlorine water, and shaking up with chloroform. 
The second portion is either (1) Evaporated to dryness, the residue placed 
in a tube retort with a little potassium dichromate and sulphuric acid, while 
into the receiver is placed a little dilute ammonium hydrate, and distillation is 
proceeded with, when, if a chloride be present, the liquid in the receiver will 
be coloured yellow; or (2) Precipitated with excess of AgNO;, washed on 
a filter, percolated with dilute NH,HO (1 in 20) and nitric acid added to the 
percolate, when a distinctly curdy white precipitate proves the presence of 
chlorides. This latter method is simple, and rarely fails if, on adding the 
acid, a mere cloud be disregarded. ; 


59. DETECTION OF BROMIDES IN THE PRESENCE OF IODIDES. 
(Practise on a mixture of KBr and KI.) 


Add to the solution a very small quantity of starch paste and then a drop 
or two of chlorine water, when a blue colour will be produced, proving the 
iodide. Continue to add more chlorine water until this blue is entirely dis- 
charged, and then shake up with chloroform, when, if a bromide be present, 
the characteristic golden colour will be communicated to the chloroform. 


60. DETECTION OF CHLORIDES IN THE PRESENCE OF IODIDES. 
(Practise on a mixture of KCl and KI.) 


Add excess of argentic nitrate, warm, pour off the supernatant liquid, wash 
with warm water, and shake up the precipitate in dilute solution of ammonium 
hydrate (1 in 3). The argentic iodide will remain insoluble, while the chloride 
will dissolve and may be detected in the solution, after filtration, by reprecipita- 
tion with excess of nitric acid. As argentic iodide is not adsolutely insoluble 
in ammonium hydrate, a mere cloud on adding the nitric acid is to be dis- 
regarded. ‘This test is only accurate in the insured absence of a bromide, 
proved as above directed (see 59). 


61. SEPARATION OF AN IODIDE FROM A BROMIDE AND CHLORIDE. 


(Practise on a mixture of KCl, KBr, and KI.) 


1. Add to the solution a mixture of one part cupric sulphate and three parts 
ferrous sulphate, or mix the solution with excess of cupric sulphate and 
drop in sulphurous acid till precipitation ceases. The iodide will separate 
as cuprous iodide—Cu,I,—leaving the bromide and chloride in solution. 
Unless carefully done, this separation is not absolutely accurate, or— 

2. Add to the solution palladious nitrate until precipitation ceases. Filter out the 
palladious iodide which separates, and pass sulphuretted hydrogen through 
the liquid to remove excess of palladium, and again filter. Boil to expel the 
excess of H.S, and the bromide and chloride remain in solution. 
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62. DETECTION OF AN IODATE IN AN IODIDE. 


(Practise on a solution of iodine in heated potassium hydrate—KI + KIO}.) 


When excess of tartaric acid is added to potassium iodate, iodic acid is set 
free; and when the same acid is added to potassium iodide, hydriodic acid 
is set free, and potassium hydro-tartrate formed. ‘Thus :— 

5KI + KIO; + 6H,CsH,O, = 5HI + HIO, + 6K HCsH40,. 

If these acids be thus liberated together, they immediately decompose, 

forming water and free iodine :— 
5HI + HIO,; = 31,+3H,O. 

If therefore starch paste and tartaric acid be added to pure potassium 
iodide no coloration takes place, because only hydriodic acid is liberated ; 
but if the sample contains potassium iodate, an immediate production of 
free iodine ensues, which turns the starch blue. 


63. DETECTION OF A SOLUBLE SULPHIDE IN PRESENCE OF A 
SULPHITE AND A SULPHATE. 


(Practise on mixed solutions of Na,S, Na,SO;, and Na,SOx.) 


Pour the solution on a little cadmium carbonate—CdCO;—filter, and treat 
the insoluble matter with acetic acid to remove any unacted-upon cadmium 
carbonate. If a sulphide has been present, a yellow residue of cadmium 
sulphide will remain insoluble in the acetic acid, while cadmium sulphite and 
sulphate will be found in the first filtrate, if these two radicals were present. 


64. SEPARATION OF THIOSULPHATES FROM SULPHIDES. 


(Practise on solution of commercial hyposulphite of soda, to which a drop of 
NH,HS has been added.) 


Having obtained a good preliminary idea by heating with HsSQx., add to 
a portion of the original solution—ZnSO,—in excess, and filter. 
(a) Precipitate white, and soluble in HCl, with smell of H,S. 
= Sulphides. 
6) A portion of filtrate heated with H,SO, deposits S and smells of 
SO,; and another portion added to a drop or two of ammonio- 
cupric sulphate instantly causes decolorisation. 
= Hyposulphites. 


65. SEPARATION OF SULPHIDES, SULPHITES, and SULPHATES. 


«Practise on mixed solutions of sodium sulphite and sulphate, to which a 
drop of NH4HS has been added.) 


Pour the solution on an excess of cadmium carbonate, digest at a gentle 
‘heat, filter, and examine the precipitate for a sulphide as already directed (63). 
‘The filtrate, which may contain the sulphite and sulphate, is precipitated by 
barium chloride, the insoluble precipitate filtered out and boiled with a little 
hydrochloric acid, which will dissolve the barium sulphite with evolution 
of sulphurous anhydride—SO,—and leave the barium sulphate insoluble. 


66. SEPARATION OF SILICIC ANHYDRIDE (SILICA) FROM ALL 
OTHER ACIDS. 


(Practise upon powdered glass.) 


Fuse the substance with a large excess of KNaCO, in a platinum crucible, 
and when all action has ceased, cool, and boil the residue with water. The 
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silica passes into solution with the other acid radicals, and the metals are left 
as oxides. Acidulate the solution with hydrochloric acid, evaporate to dry- 
ness, and heat the residue to 140° C., and maintain the heat for some 
time. Drench the residue with strong hydrochloric acid, then add water, 
and boil, when the silica will alone remain insoluble. 


67. DETECTION OF A NITRITE IN THE PRESENCE OF A NITRATE. 


(Practise upon potassium nitrate which has been slightly heated so 
as to partially decompose it.) 


Add a little potassium iodide and starch paste, then introduce a small 
pinch of powdered metallic zinc, and lastly acidulate with acetic acid, when, 
if a nitrite be present, a blue colour will be produced, due to the liberation 
of iodine. This test is often a very necessary one when dealing with drinking 
water, the presence in which of nitrites, derived from the oxidation of 
comparatively recent organic contamination, is a dangerous indication. 


68. DETECTION OF FREE NITRIC ACID IN THE PRESENCE OF A 
NITRATE. 

Digest with excess of barium carbonate ; filter, and add to the filtrate some dilute sulphuric 

acid, when, if the free acid is present, a precipitate of barium sulphate will be produced. 

This test is only good in the insured absence of any other acid capable of dissolving barium 


carbonate. It will also serve for detecting free hydrochloric and acetic acids in presence of 
their salts. 


69. DETECTION OF A NITRATE IN THE PRESENCE OF AN IODIDE. 
(Practise upon mixed solutions of potassium nitrate and potassium iodide.) 


The fact that the addition of strong sulphuric acid liberates iodine renders 
the proof of a nitrate by the ordinary iron process doubtful in the presence 
of iodides and bromides. In this case proceed by one of the following 
methods :— 

1. Boil with excess of potassium hydrate until any ammonium salts 
are decomposed, then add a fragment of zinc and again boil. 
Any nitrate present will be converted into ammonia, which 
may be recognised in the steam with moistened red litmus 
paper. 

2. Warm with a little zinc amalgam and add a little acetic acid and 
starch paste, when the nitrate, being reduced to nitrite, will 
cause the liberation of iodine, and colour the starch paste blue. 

'3- Boil with stannous chloride and a large excess of hydrochloric acid, 
which will produce ammonium chloride from a nitrate; and 
by boiling the liquid with excess of potassium hydrate, the 
ammonia gas may be evolved. Of course the absence of 
ammonium salts must be first insured. 


70. SEPARATION OF CHLORIDES, IODIDES, and BROMIDES FROM 
NITRATES. 


Digest with argentic sulphate, which will precipitate the halogens as silver 
salts and leave the nitrate in solution. 
71 SEPARATION OF CYANIDES FROM CHLORIDES. 
(Practise on a mixed solution of KCN and KCl.) 


Acidulate slightly with nitric acid, add excess of argentic nitrate, wash the 
precipitate thoroughly with boiling water by decantation, allow it to settle 
completely, pour off all the water, and boil with strong nitric acid, when the 
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argentic cyanide is decomposed, leaving the chloride insoluble. The solution 
in nitric acid is diluted and hydrochloric acid added, when any dissolved 
silver is detected by precipitation, as chloride, thus indicating the presence of 
argentic cyanide in the original mixture. 


72. SEPARATION OF FERRO- FROM FERRI-CYANIDES. 
(Practise upon mixed solutions of potassium ferro- and ferri-cyanides.) 


Acidulate with hydrochloric acid, add excess of ferric chloride, warm 
gently ; the ferrocyanide will be precipitated. Pour off some of the brownish 
liquid and heat with a little zinc amalgam, when a blue precipitate will form, 
owing to the reduction of the ferri- to ferro-cyanide. 


73. DETECTION OF CYANIDES IN THE PRESENCE OF FERRO- 
AND FERRI-CYANIDES. 


(Practise upon mixed solutions of potassium cyanide and ferrocyanide.) 


Acidulate slightly with nitric acid and add an excess of a mixture of ferrous 
and ferric sulphates ; warm gently, and allow the precipitate to subside. Pour 
off a little of the supernatant liquid, add to it excess of potassium hydrate, 
and then acidulate with hydrochloric acid, when the production of another 
blue precipitate will prove the cyanide. 


74. DETECTION OF A PHOSPHATE IN THE PRESENCE OF CALCIUM, 
BARIUM, STRONTIUM, MANGANESE, AND MAGNESIUM. 


(Practise on ordinary “ phosphate of lime.”) 


Dissolve in water by the aid of the smallest quantity of nitric acid, then add 
excess of ammonium acetate, which will remove the excess of nitric acid with- 
out rendering the solution alkaline. In this solution the phosphate may be 
proved by adding a drop or two of ferric chloride and warming, when a white 
precipitate of ferric phosphate—Fe,(PO,),—will form, insoluble in the acetic 
acid liberated. 


75. DETECTION OF A PHOSPHATE IN THE PRESENCE OF IRON. 
(Practise on ordinary “ phosphate of iron.”) 


Dissolve in the smallest possible quantity of hydrochloric acid, add some 
citric acid, and then excess of ammonium hydrate. By this means an alkaline 
liquid is obtained, owing to the power of the organic acid to prevent the pre- 
cipitation of the metal by the ammonium hydrate ; and in this liquid, when 
cold, magnesta mixture (ammonio-sulphate of magnesia) causes the precipitation 
of white crystalline magnesium-ammonium phosphate. 


76. SEPARATION OF AN ARSENIATE FROM A PHOSPHATE. 


This can only be done by acidulating with hydrochloric acid, and passing a 
slow stream of sulphuretted hydrogen through the solution for several hours, 
until the whole of the arsenic is removed. 


77. DETECTION OF A FORMATE IN THE PRESENCE OF FIXED 
ORGANIC ACIDS WHICH REDUCE SILVER SALTS. 
Distil with dilute sulphuric acid at the heat of a water bath, neutralise the 


distillate with sodium carbonate, add a sight excess of acetic acid, and boil 
with argentic nitrate, when a dark deposit of metallic silver will form, 
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78. SEPARATION OF OXALATES, TARTRATES, CITRATES, AND 
MALATES, 


(Practise upon mixed solutions of oxalic, tartaric, and citric acids.) 


If the solution be acid, neutralise it with sodium hydrate ; but if neutral or 
alkaline it is ready for use, and is treated as follows :— 

A. Acidulate slightly but distinctly with acetic acid, bring the whole 
to the boil, and add a drop or two of calcium chloride ; and if 
it produce a precipitate, add it till precipitation ceases. Keep 
the whole nearly boiling for a time, till the precipitate aggre- 
gates, and filter. This precipitate is calcium oxalate, and it 
should be quite insoluble in cold solution of KHO. 

B. To the filtrate from 4, mixed with some more calcium chloride, 
ammonium hydrate is added in slight but distinct excess, and 
the whole thoroughly cooled. Calcium tartrate precipitates, 
and when it has settled clear, the liquid is poured off and pre- 
served for C. This precipitate, after washing, should be entirely 
soluble in cold solution of potassium hydrate, and reprecipitable 
by boiling. 

C. The liquid is slowly boiled for some time ; and if a precipitate does 
not form readily, a little more CaCl, and NH,HO added, and 
the boiling resumed. The precipitate, when it begins to subside 
well, is filtered out whilst still hot. It should be (after washing) 
quite insoluble in cold solution of potassium hydrate, but 
soluble in perfectly neutral solution of cupric chloride. 

D. To the filtrate add alcohol, when calcium malate will separate ; 
but this portion of the separation is not infallible and the 
precipitate must be carefully examined to see that it really is 
malate. 


79. DETECTION OF CARBOLIC ACID IN THE PRESENCE OF 
SALICYLIC ACID. 


Boil ro grains in half an ounce of water, cool, decant the solution, and add 
- to it 1 minim of a saturated solution of KHCO, 1 minim of aniline, and 5 
drops of solution of chlorinated lime, when, if carbolic acid be present, a deep 
blue is produced. 


CHAPTER  fV: 


QUALITATIVE ANALYSIS, ASAPPLIED TO THE DETECTION 
OF UNKNOWN SALTS. 


§ I. GENERAL PRELIMINARY EXAMINATION. 


UNDER ene head are included— 
. The observation of the physical properties of the substance sub- 
mitted for analysis. 
2. Its behaviour when heated, either alone or in the presence of 
reducing agents or fluxes. 
3. Its reaction with test-papers ; the colour it communicates to flame, 
etc, 

So particular and minute may this examination be, that in the larger works 
on chemical analysis many pages will be found devoted to it; but for the 
purposes of the analysis likely to come before the ordinary chemical student, 
it is sufficient only to carry it the length of a few readily obtainable and 
unmistakable inferences. J¢ should also be remembered that in many cases these 
inferences require subsequent confirmation, and therefore a student should be 
taught not to jump too readily at conclusions from the preliminary investigation. 
Step 1. Ifthe substance be a liquid, carefully mark its reaction with blue 

and red litmus paper, evaporate a little to dryness at a gentle heat 
on a clean porcelain crucible lid, observing the nature of the residue 
left, if any; and finally raise this residue to a red heat, carefully 
noting whether it is volatilised, blackened, or altered in colour any 
way. If a solid, heat it directly to redness on a crucible lid (or in 
a dry test tube), and note effect; then shake a little up with distilled 
water, and note its reaction with blue and red litmus paper. 


From a careful study of these points, the following simple inferences may 
safely be drawn; any appearance not herein referred to being neglected as not 
affording a really distinctive indication. : 

A. Neutral, no odour, and leaving no residue whatever. Probably 
water. 

B&. Strongly acid, leaving no residué. Probably an ordinary volatile 
acid, such as HC], HNO;, HC,H;,0O,, etc. 

C. Strongly acid, leaving a residue, fusible by heat and also strongly 
acid. Probably a non-volatile mineral acid, such as H;PO,. 

D. Strongly acid, leaving a residue, which on heating chars, and 
entirely burns away. Probably free organic acid, such as 
H.C,H.O,, H;C;H;0,, HC;H;O,, etc. 

Note —Oxalic and formic acids do not char. 

£. Neutral or slightly acid, leaving a residue, which volatilises in 
fumes, but without blackening. Probably an ordinary salt of 
a volatile metal, such as NH,, Hg, As, Sb, etc. 

£. Neutral or slightly acid, leaving @ residue which on heating 
blackens and volatilises in fumes. Probably an organic salt of 
NHg, Hg, or other volatile metal. 


Note.—In this case it is best at once to test the original for NH, or Hg by boiling 
with KHO and SnCl, respectively. 
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G. Neutral or slightly acid, leaving a residue, which on heating 

changes colour as follows :-— 

Yellow while hot, white on cooling. Probably salt of Zn. 

Deep yellow while hot, yellow on cooling. Probably salt of Pb. 

Yellowish-brown while hot, dirty light-yellow on cooling. Pro- 
bably salt of Sn”. 

Orange or red while hot, dull yellow on cooling. Probably 
salt of Bi. 

Red while hot, reddish brown on cooling. Probably salt of 
Fe or Ce. 

Permanent brownish-black. Certain salts of Mn. 

H. Neutral or slightly acid, leaving a white residue, which blackens 
on heating, burns, and leaves a black or greyish mass. Pro- 
bably an organic salt of a fixed metal. Jn ¢his special case, 
proceed as follows:— 

Moisten the residue with a little water, and touch it with reddened litmus 
res If alkaline, the original substance was an organic salt of K, Na, or 
i, in which case proceed by (a). If not alkaline, proceed by (4). 

(2) Boil the ash with the smallest possible quantity of water, filter, acidulate with 
HCI till effervescence ceases; dip a perfectly clean platinum wire in the solu- 
tion and try the flame test. Ifcrimson, Li. Bright yellow, Na. Violet, K. 

Note.—The latter flame not being very easily seen in the daylight, it is advisable to 
add to the solution PtCl, and C,H,O. Shake well and cool. Yellow crystal- 
line precipitate of potassium platinochloride—PtCl,zKCl. When potassium 
is found with a tartrate it is always necessary to test also with H.S for 
antimony as the salt might be tartar emetic. 

(4) The ash is covered with water and treated with HC,H,O,. If effervescence takes 
place, the original substance was probably an organic salt of Ba, Sr, or Ca; 
and these metals may at once be tested for in the acetic acid solution. 

Note.—Oxalates, although organic, do not blacken to any extent. If carefully 
observed, however, a slight greyish tint, followed by a distinct glow running 
through the mass, will be noticed at the moment of decomposition, To make 
certain it is well to place a little of the original powder in one tube, and the 
residue, after ignition, in another ; cover them both with water, and add a 
drop of acetic acid to each. If the residue effervesce, and the original powder 
does not, strong presumptive evidence is obtained of the presence of an 
oxalate of the alkaline or earthy metals. 

Z. Neutral or slightly acid, leaving a residue, which takes fire and 
continues to burn even after removal from the flame, giving off 
clouds of white fumes and leaving a fixed white or pinkish 
residue. Probably a hypophosphite; which fact should be 
noted as an aid to future information as to acid radicals. 

X. Strongly alkaline, leaving a fixed white residue, also alkaline. 
A hydrate, carbonate, bicarbonate, phosphate, arseniate, borate, 
sulphite, or sulphide of a fixed alkaline metal, or a hydrate or 
oxide of Ba, Sr, or Ca. In this case proceed as follows :— 

Acidulate a portion of the original solution with HCl. 

(a) If it effervesces without odour, and is therefore a carbonate or bicarbonate, test 
at once by the flame for K, Li, Na, and also another portion of the original 

solution with HgCl,. If red, a carbonate : if not, a bicarbonate. 

(4) Effervesces with odour of H,S. In this case it is a sulphide; and if a deposit 
of S also takes place, a polysulphide. Add to a fresh portion of the original 
solution excess of HCl, boil till H,S is expelled, filter; if necessary, and test 
the solution for all metals of fourth and fifth groups. 

(c) Effervesces with odour of HCN. Probably an alkaline cyanide, such as KCN. 

(@) Effervescence with odour of SO,, an alkaline sulphite. 

(¢) It does not effervesce. In this case add to a fresh portion of the original 
solution, AgNO, Ifa brownish-black precipitate be formed, it is a soluble 
hydrate. A portion of the original solution should be neutralised with HCl, 
and then examined for all metals of fourth and fifth groups. 

Note.—If AgNO, with original solution gives a yellow, a white, or a brick-red 
precipitate, the presence of a phosphate, borate, or arseniate of K or Na may 
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be suspected. In the case of a complex solution in which a salt of some 
other metal is given dissolved in excess of an alkali, an intimation of the fact 
will be obtained on cautiously adding the HCl, as, at the moment of neu- 
tralisation, the dissolved substance appears as a precipitate before again dissolv- 
ing in the excess of HCl. Basic plumbic acetate has an alkaline reaction. 
Step 2. Dip a clean platinum wire in the solution, or, if a solid, moisten the 
wire with HCl, dip it in the powdered substance, and heat in the inner 
Bunsen or blowpipe flame. The outer flame is coloured as under :— 


Violet ; Potassium. 
Golden-yellow Sodium. 

Yellowish-green . 3arium. 

Crimson . , Strontium or Lithium. 
Orange-red °. Calcium. 

Green j Copper or Boracic acid. 
Blue . Lead, Arsenic, Bismuth ; 


also Copper as chloride. 
Step 3. Heat a little of the solid substance (or the residue left on evapora- 
tion if in solution) on charcoal before the blowpipe. 

Ordinary alkaline salts fuse and sink into the charcoal ; some decre- 
pitating (example NaCl, etc.), others deflagrating (as KNO;, KCIO,, 
etc.), but no sufficiently characteristic indications are usually obtained, 
except in one of the following cases :— 

A. A white luminous residue is left. Moisten it when cold with a 
drop or two of cobaltous nitrate, and again apply the blowpipe, 
observing any change of colour as follows :— 

The residue becomes blue, indicating Al, Silicates, Phosphates, 
or Borates. 
” 9° ” green, ” Zn. 
- 5 . pink or flesh-coloured, indicating Mg. 

B. A coloured residue is left. Prepare a borax bead, and heat a little 
of the substance in it, both in the reducing and oxidising flame, 
and note any colours corresponding with the following list :— 


METAL. InN OXIDISING FLAME. | In REDUCING FLAME, 
oes leche bie mercial spcteelR sc eae 
Cu Green (hot). Blue (cold). | Red (cold). | 
Co Blue. | Blue. | 
Gt Green. | Green. 
Fe Red (hot). Yellowish (cold). Bottle-green. | 
Mn | Amethyst. Colourless. 


Ni Reddish-brown (hot). Yellow (cold). | Same as oxidising flame. | 


C. A metallic residue is left, with or without incrustation surrounding 
it. Mix a little of the substance with KCN and Na,COs, and 
expose on charcoal to the reducing flame. 

(a) Metallic globules are produced without any surrounding incrusta- 
tion of oxide. This occurs with Ag, Au, Cu, Fe, Co, and Ni, 
all easily recognisable. 

(6) Metallic globules are produced with a surrounding incrustation of 
oxide. This occurs with Sn, Bi, Pb, and Sb; the incrustation 
having the characteristic colours already described in Case I. 
Step 1, G. 

Note.—Sb often forms a white and distinctly crystalline crust. 

(c-) The metal volatilises, and only leaves an incrustation of oxide.. 

This occurs with As (odour of garlic, and white incrustation), 
Zn (yellow [hot], white [cold]), and Cd (reddish-brown). 


———— 
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§ II. DETECTION OF THE METAL PRESENT IN ANY SIMPLE SALT. 


Step 1. Preparation of the solution for analysis for the metal, if the 
substance be not already dissolved. 


1. Take a minute portion of the substance and boil it with water in 
a test-tube; should it dissolve, then take a large portion and 
dissolve for testing. 

. Should the salt prove insoluble, take another small portion and heat 
with HCl, and add a little water and again heat. If it now 
dissolves, prepare a larger quantity of the solution for use in 
the same manner. 

Should it resist HCl, try another small portion with HNO, by 
heating and then adding water. If this dissolves it, make up 
a larger quantity of a similar solution for testing. 

. Should HNO, also fail, try another small portion with two parts HC] 
and one part HNO;, warming and diluting as before; and if it suc- 
ceeds, make up a larger amount of solution in the same manner. 

5. If all acids fail, then take another portion of the substance, mix it 

with several times its bulk of a perfectly dry mixture of sodium 
and potassium carbonates (prepared by heating Rochelle salt in 
an open crucible until the residue thoroughly ceases to evolve 
any gases, then extracting with distilled water, filtering, evapo- 
rating to dryness, heating the residue to redness, and preserving 
for use in a stoppered bottle. This reagent will hereafter be 
shortly described as fusion mixture). Place the whole in a 
platinum crucible, and fuse at a bright-red heat; when cold, 
boil with water and save the solution thus obtained for acid 
radicals. The insoluble matter is then to be drenched with 
strong HCl, slightly diluted and boiled, and the solution used 
for testing for the metal. Any insoluble white gritty matter 
still remaining is put down as silica. 


Step 2. Detection of the metal. 

The processes to be applied vary according to the limitation of the possible 
substances under examination, and the following tables are to be used accord- 
_ ingly, using the solution obtained in Step 1. Remember that even when we 
have apparently found out the metal by the table, we should always proceed to 
perfect confirmation by applying (to fresh portions of the solution each time) all 
the tests for the metal given in Chapter ZI. Unless otherwise directed, all 
confirmaticns referred to in the tables are intended to be tried upon fresh 
portions of the original solution. For brevity the said solution is in the 
tables indicated by a capital 0 in thick type, and the word precipitate is 
contracted to ppt. In simple salts we go through the groups until we get a 
result, and as soon as we do we stop and go no farther with the groups, but 
simply confirm the result obtained by special tests. 

The following brief instructions may aid the student to find readily the pages required for 
the full analysis. of a simple salt :— 


1. Find whether soluble in H,O or in acids, or neither. 
acid = free acid or acid salt. 

2. Take the reaction { alkaline = complete the analysis by ‘‘ K,” p. 59. 
neutral. 


‘ does not char = inorganic salt. 
3- Heat dry, mm a test tube : oe char = organic salt. See ‘*H,” p. 59. 
4. Find the metal by p. 64. 


is) 


&» 


Bo 


solubility table, p. $2. 

5. Find the acid radical by If K,N stables pp- 76 to 80, if inorganic, 
| EP) NH, »» p. 80 if organic. 

6. Name the salt and write its chemical formula. 
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DETECTION OF UNKNOWN SALTS. 65 


§ III. DETECTION OF THE METALS IN COMPLEX MIXTURES OF 
TWO OR MORE SALTS. 


Step I. Preparation of the solution for analysis in cases where the 
substance for analysis is not given in solution. 


Note.—By carefully applying this step and intelligently judging the results, we can 
often reduce a separation of two salts to the performance of two separate 
simple analyses, and so save much time and trouble. 

1. Boil some of the powdered substance with distilled water, and filter 
off from any insoluble matter. 


Evaporate a drop or two of the filtrate to dryness, at a gentle heat, on a 
slip of clean platinum foil, and if any residue be left, then save the balance 
of the filtrate for analysis as representing the portion of the original (if any) 
that is soluble in water. 


2. If anything remains insoluble in water, then wash it on the filter 
with boiling water until a drop of the washings leaves no marked 
residue on evaporation. Rinse the insoluble portion off the paper 
into a tube, and add hydrochloric acid drop by drop (noting 
carefully any effervescence or odour as indicating the presence 
of certain acid radicals, such as carbonates, sulphides, sulphites, 
cyanides, etc.), and warm. 

If it now all dissolves, save the fluid for analysis. If not, then separate 
the insoluble part, test the filtrate by evaporation of a drop or two, to see 
whether anything has dissolved, and if so, save the fluid for analysis as repre- 
senting the metals present in the form of salts insoluble in water, but soluble 
in HCl. 

Note.—This division of any mixture into salts soluble and insoluble in water gives 
the greatest assistance in the subsequent testing for the acid radicals. For 
example, if a metal of the 5th group be found in the portion soluble in water, 
then any acid radical almost may be present ; while if a metal of one of the 

; other groups be found, then generally speaking only a nitrate, sulphate, 

chloride, or acetate need be first searched for. If, on the other hand, the 
substance resists the action of water and only goes into solution with HCl, 
then as a rule ”o metal of the 5th group ts present, and we might consider that 
we were probably dealing with a carbonate, oxide, phosphate, arseniate, 
oxalate, sulphide, sulphite, cyanide, ferro- or ferri-cyanide, or borate of a 
metal, not in the 5th group. Certain tartrates and citrates, chiefly of the 4th 
group, would also come in this category. 


3. If the substance is insoluble in both water and HCl, try nitric acid, 
first alone, and then with the addition of hydrochloric acid. 

This treatment dissolves certain metals in the free state, such as Ag, Pb, 
Bi, Hg, and Cu, and also acts upon Hg,Cl,, HgS and other insoluble sul- 
phides, and on Fe,O, and some refractory oxides. Gold and platinum dis- 
solve only ir nitro-hydrochloric acid. 

Note —When HNO; has been used as a solvent, the liquid should always be 
evaporated with HCl till all the HNO, has been displaced, then allowed to 
get quite cold and any precipitate filtered out and treated as belonging to 
the Ist group, while the filtrate is directly treated with H,S. 

4. If anything stifl remains insoluble, it must be fused with fusion 
mixture (KNaCoO,) at a bright red heat till action ceases, and 
the residue so obtained boiled with water and filtered. 

The filtrate is used for the detection of acid radicals ; while the insoluble 
matter is dissolved (after washing) in nitric acid and used for finding the 
metals. The usual run of articles requiring this treatment are—sand, clay, 
and other silicates, sulphates of Ba, Sr, Ca (latter not always), and Pb, the 
haloid salts of silver, SnO, and Sb,O;. ~ 

Step II. Proceed to apply the following tables to the prepared solution 
from Step I. 

Note.—The whole of the first table for ‘‘ separation into groups” must be gone 
through, but if no effect be obtained in Groups I. or II., a fresh portion of 


the prepared solution should be taken for Group III., etc., so saving the 
time required for evaporating to a considerable extent. 


5 


QUALITATIVE ANALYSIS. 
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Table for the Detection of Metals in Complex Mixtures, being limited to Salts commonly used or included in the Pharmacopeia. (//amti/ton.) 


SS ee ee STS 


Ist GRroup.—Add a drop of HCl, and if it produce a precipitate, add excess. Filter. 


2nd Group.—To the filtrate add H,S water, and if it produce a discoloration, warm to blood heat and pass H,S in excess, Filter. 


{ PRECIPITATE. 
Ag, Hg,, Pb. PRECIPITATE. 3rd Group.—To a portion of the filtrate add NH,HO. NH,Cl, and NH,HS. If no ppt. pass on to Group 4 ; if a ppt. evaporate the remainder 
| Wash. Boil with H,O. Filter. Wash. with boiling 31,0; digest with ao drops NHHS, and filter. of the filtrate to dryness and ignite. Dissolve in H,O and HNO, (boil); then add NH,Cl and NH,HO. 
i FILTRATE.—Add NH,HS, boil and filter. 
PRECIPITATE, 
FILTRATE. PRECIPITATE. PRECIPITATE, FILTRATE, Fe, Ce, Al, Ca,2PO,. Preis 4th Group.—Add (NH,),CO3._ Filter. 
Add K,CrO,, | Wash, add NH,HO. Hg, Bi, Pb, Cu, Cd. As, Sb, Sn. Wash, dissolve in HCl, add Na,HPO, and : 
yellow ppt. apr NH.CH.O 4 ticil Ni, Co, Mn, Zn. ’ 5th Group, 
Wash, boil with HNO, and add H,SO, | Add HCland wash the ppt. Then a\2113V02, and boll. Wash. Adadilute HCL Wit PRECIPITATE. 
= 4 d alcohol. dd (N f : ash. lute . iter, 
| Per, | FILTRATE. ee ee ee ee = Sr, Ca. FILTRATE. 
‘ Black | Add HNO,, PRECIPITATE. FILTRATE. eS in HC,H,0,. Add Add Na,HPO,. 
: =Hg,.| white ppt. | PrecrprTaTE. FILTRATE. FILTRATE. | PRECIPITATE, Wash and boil with KHO. If green Cr. Per, FILTRATE. Oe: Eile 
b =Ag. Black = Hg. - Bi, Cu, Cd. Ada HCl, Sn, Sb. Add (NTE C00 Black Add NaHO. aay Stee ee 
q Percolate wi . yellow ppt. | ; : white ppt.= . | Test O for NH, 
: NH,C,H,0;, Add NH,HO. Filter.| * PA —— bad oo at carnias FILTRATE. Ca,2P0,. Ppt. hee a Mg. by boiling with 
7 and test fil- into a platinum | Dissolve in HCl, | Acidulate with Ree, Peerage) Aco | Red Oe ites aN bes 
: Cl, =Ba, smelling. 
a ope P sgeol Ppr. FILTRATE. dish with a rod and to a portion HC,H,0,, Mn, | Add HC,H,0, Tonya Rear aie aa Flame aa to 0: 
a 2TUy Ob Bi Bl ¢ of Zn, so held add KCyS, red white gela- and K,FeCyg, P F Violet =K 
se eee e td an as to touch the colour = Fe. tinous ppt. ppt. = Zn. chic TE ATE Vallow aie 
4 Ifnot blueadd : 2 : Test for Co b s Add NH.HO ellow=Na. 
oy NHLHS platinum outside | To another portion = Al est for Co by rz i Cinasone ee 
3 he i the liquid. add citric acid borax bead. and 
- dee ppt. Granular deposit and NH,HO, (NH,),C,0,, 
; 16 bine ada = Sn, white ppt. =Ce. white ppt. 
KCy me Black stain = Sb. : =Ca, 
HS, yellow 
ppt. =Cd. 
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§ IV. DETECTION OF THE ACID RADICALS. 
Division A.—Preliminary Examination. 


Impcrtant Note.—We must always decide what metals or bases 
are present before we proceed to test for acid radicals. We 
must then note which bases are present as so/ud/e and which 
as insoluble salts (in H,O). Lastly, we must consider what 
acids might be present in each case, and only test for such 
possible acids, because xothing leads to so many errors as testing 
for acids which could not possibly exist. We rust also carefully 
note the information received in the former preliminary exami- 
nation, especially as regards the presence of organic matter, 
and remember that, if the original substance does not char on 
heating we must never enter into the testing for organic acids, 
because none can possibly be present except oxalate, which is 
provided for in the inorganic portion of the course with this 
very object, together with a few others included for convenience. 
We must also remember to note what happens when we 
dissolve the original substance in HCl, provided such a step 
is necessary, and if any effervescence occurs we must be sure 
to smell the gas given off, because we may then at once detect 
the following :— 


*Carbonate . . effervescence without odour, and the evolved gas 
poured into lime-water renders it milky. 

*Sulphide ° . odour of H.S (with deposit of S polysulphide). 

*Sulphite ‘ : ‘ SO, ( ma ” hyposulphite). 

*Cyanide S ‘ ms HCN. 

Peroxide : j i: chlorine. 

Fe, Zn, or Sn (as metals)—Hydrogen evolved ; without odour. 


We must also remember that organic bodies, such as alkaloids or 
sugar, other than organic salts, might be contained in a mixture 
which would cause charring on heating, and so lead us to test 
for what was not there. It will be useful at this point to see 
how we can guard against two of the more commonly occurring 
of such cases. 


(1) Sugar. This will cause the soluble portion to be syrupy, and 
when warmed with d/ute H,SO, it will rapidly darken, whereas 
organic salts, as a rule, require fairly strong H,SO, to char 
them. The solution will have a sweet taste, and after boiling 
with a drop or two of very dilute H:SO, it will reduce Fehling’s 
solution. 


(2) Alkaloids (nitrogenous organic bases). These will cause an odour 
like burning hair on heating to redness. The soluble portion of 
the mixture carefully treated with very dilute NH HO will 
usually give a cloud (which may or may not dissolve in excess), 
and then the same liquid shaken up with chloroform, and the 
chloroform evaporated at a gentle heat, will leave the alkaloid 
as a residue. If no residue be thus obtained, then no alkaloid 
can be present except morphia, and this latter would never be 
put ina mixture unless specially intended for toxicological inves- 


* In soluble salts these effects will come on adding HCl in Group I. 
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tigation, because its detection requires altogether special work, 
which will be afterwards detailed. 

Having well considered all this, we now proceed to the actual 
work, carefully remembering that all the indications are merely 
preliminary, and that we are not to take notice unless we really 
get a distinct result. If we really do get one, then it may save 
us going so far through our actual acid course, but if we are not 
certain, then it is no use attempting to persuade ourselves and 
wasting time, but we should just note the probability and then 
at once pass on to confirm by the actual course hereafter 
detailed. 

No attempt is made to describe odours, because the student 
should simply put himself through a course of training for this 
preliminary examination on known salts, and learn to recognise 
all the odours, etc. This is a most important study, and should 
be carefully stuck to, until the nose and eyes have been quite 
trained to recognise the individual effects to be expected from 
each acid. 


Step I. Put a portion of the original solution in a tube, or if it be a 
solid cover it with some water, just acidulate with dilute H,S0,, 
and look for any effervescence or odour, then boil and smell. 
The following radicals may be thus recognised :— 


Effervescence without odour . a Carbonate. 
Sulphide. 

Effervescence with characteristic odours . Sulphite. 
Cyanide. 
Hypochlorite. 


Red fumes . ° ‘ 5 ; . Nitrite. 


Step II. Add another drop of H,S0,, and again warm. ) 
Odour’ of vinegars Ps 7; Wis eape 
» » 8O, with deposit of S . ; Hyposulphite. 
A aS Aer Ge . ae eS ead: Sulphocyanate. 
» HCN ,, crystalline deposit, | ree. or 
often bluish Fferri-cyanide. 
Valerianate, Ben- 
| zoate, Succinate. 
» 33 Carbolic acid ‘ ; ‘ Carbolate. 


Note.—The effects of Step II. will often come perfectly in Step I., and 
then Step II. may be considered as part of Step I. 


Valerian or sharp odour 


Step III. Put a little of the original solid (or the residue left on evapo- 
ration if the original was a liquid) into a dry tube, cover it 
with strong H,S0,, and warm, but not sufficiently to cause the . 
H,SO,j itself to fume. (See note, important to prevent accidents.) 


Thus we get :— 


Ps Change of colour are 
White fumes::i: J Fluoride: and covoured, 4) Bromide, 
characteristic of) | Benzoate. pad (c ar- | Bromate. 
( acteristic of) 

Succinate. Chlorate. 


Sulpho-carbolate. 
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; _ ( Formates—give off CO only, and con- 
Effervescence on warming only, sequently the gas does not 


which persists after withdraw- albert enecwate?. 


ing from flame, but with no Oxalates—give both CO and CO,, and 
darkening in colour and no the gas therefore renders 


odour. lime-water milky. 


Tartrates—rapid charring and smell 
of burnt sugar. 

Lactates—not so dark, and peculiar 
odour. 

Citrates—slow darkening and peculiar 
sharp odour. 

Oleates—char and give odour of 
acrolein. 


Effervescence on warming, but 
the liquid darkens in colour 
to a greater or less extent. 


Meconate. 

Tannate. 

Gallate. . 

Pyrogallate. 

Salicylate (very slow darkening). 


Darkening in colour without any 
very marked effervescence. | 


No fumes—gelatinous deposit (or flaky)—Silicate. 
»» 99 scaly crystals with pearly lustre—Borate (best seen on 
cooling). 
No change takes place at all with—Sulphate, phosphate, and arseniate. 
Chromates turn orange and then green—Bichromates turn green straight 
off. 


Norte, IMporTANT.—Onx adding strong sulphuric acid to any solid, one drop 
only should be first carefully applied, because chlorates, todates, etc., are apt 
to explode on the first touch of the acid. 


If we get a decided indication of the presence of any acid radical as 
above, we may at once apply confirmatory tests for the radical found to 
our original substance, and so save going through the course, especially 
if the substance be soluble in water; but if insoluble, a solution must 
always be specially prepared for acid testing. 


Division B.—Preparation of a Solution for Testing for Acid Radical. 


The success of the course for the detection of acids depends in the highest 
degree upon the care with which the solution is first prepared. It may be 
taken as a general rule that no testing for acids is reliable unless they are 
present in the form of salts of alkaline metals. It is therefore necessary to 
transform our acids into such salts ; and, to do this successfully, the following 
rules must be closely adhered to :— 

I. If the original is soluble in water, and absolutely neutral to test- 
paper, you may venture as a rule to use it as it is, and this will 
also apply, if it be a/kaline, to test-paper. 

II. If the original be soluble in water, but in the least acid, we must 
drop in NaHO till it is rendered just a/kadine, boil, and, if any 
precipitate should form, filter and use the filtrate for the acid 
course. 

III. The portion insoluble in water (or the whole of the original if all 
insoluble) must be boiled with a little NaHO, then diluted, 
filtered, and the filtrate ortly used for the acid course. 
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NVote.—If Al, Zn, Sb, Sn, Cr, Pb, or any metal whose hydrate is soluble 
in excess of NaHO has been found, then we must use a solution 
of Na,CO3 instead of NaHO in both Cases II. and III. 

We must also take care to prepare plenty of our solution, 
because if the full acid course has to be gone through, we shall 
require possibly to employ eight to ten different portions before 
we have finished. 

This course now about to be explained is so devised that by working upon 
the prepared solution, in the presence successively of HCl, HNO;, HC,H,O,, 
H,SO, and absolute neutrality, we can insure the precipitation in each stage 
of certain given acid radicals only by reagents, which, if used without such 
precautions, would precipitate many more than they do when so employed. 


Division C.—Course for the Detection of Inorganic Acids together with 
a few Organic included for certain reasons. 


Step I. Acidulate a portion of the prepared solution with HCl, and 
then to successive portions thereof apply the following tests :— 


REAGENT. EFFECT. Acip PRESENT. 


a) BaCl, . . . .| (White ppt. insoluble be 
2) Parts i erie HNO, ....5 1°" 
Dark blue ppt. . . . . | Ferrocyanide. 
Blood red colour dis- 
Sy Pay ee charged by HgCl, . . | Sulphocyanate. 
Blood red colour not dis- 
charged by HgCl, . . | Meconate. 


(c) Pees ce oath Ferricyanide. 


Dip in and dry over the 
gas when the paper 
turns pink, changed 
to green by KHO. . 


(@) Turmeric paper . Borate. 


Step II. Acidulate a portion of the prepared solution with HNO., 
add excess of AgNO., warm and shake, disregarding any precipt- 
tate that is not white or yellow and distinctly curdy. ‘Thus we 
get the following :— 

(a) Cyanide—Curdy white ; soluble in very dilute NH,HO, and also 
in boiling HNO. 

(6) Chloride—Curdy white; soluble in very dilute NH,HO, but in- 
soluble in boiling HNQs. 

(ec) Bromide—Curdy dirty white; slowly soluble in fairly strong 
NH,HO, but not in very dilute; insoluble in HNQO,. 

(@) Iodide—Curdy pale yellow; insoluble even in strong NH,HO and 
also in HNO. 

Note.— Many other acids, such as ferrocyanide, oxalate, chromate, etc., are apt to come 
down with AgNO, in presence even of HNO, but the precipitates are (if 


white) of curdy, or they are coloured red and so will be disregarded ; and we 
therefore deal only with the four acids mentioned giving curdy precipitates. 
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To distinguish between these four acids we— 


(1) Filter out the precipitate with AgNOs, wash it, and then percolate it 
several times with very dilute NH4HO (1 in 20), when AgCl and 
AgCN will dissolve, and can be reprecipitated from the filtrate by 
HNOs, while any AgBr or AgI will be left on the filter. 

Note.—It is very important to have the dilute NH,HO exactly 1 in 20, because, 
if stronger, then AgBr will also dissolve, and in any case a mere cloud on 
adding the HNOs ts to be disregarded, because if AgCl or AgCN be really 
present, they will reprecipitate in distinct curds, on adding HNOs;, warming 
and shaking, 

(2) If by (1) evidence of the presence of Cl or CN be obtained, then 
test a portion of the original prepared solution for CN by 
Scheele’s test, and if not present then the precipitate was all due 
to Cl. If CN be found, then another precipitate must be 
obtained by excess of AgNO,, filtered, washed, drained, and 
transferred to a tube with strong HNO; and boiled, when any 
AgCl will remain insoluble. 

Note—As HCN is so easily smelt in the preliminary examination, we should always 
know before we begin the group whether it is there, and then if it be present 
the boiling with HNO, will be required, but if not, then we put it down at 
once as chloride if the NH,HO dissolves anything. 

(3) If, after treating with NH,HO (1 in 20), any residue be left on the 
filter, leading to the idea that AgBr or AgI may be present, we 
proceed as follows : To asmad/ portion of our prepared solution 
a drop of mucilage of starch is added, and then one or two drops 
of chlorine water. If iodide be present we shall get a blue. 
Now we go on adding fresh chlorine water till all the blue 
has been bleached, and if the whole is now perfectly white only 
iodide is present ; but if it remain at all yellow, then we add 
some chloroform and shake up, when an orange colour in the 
chloroform will indicate bromide. This depends on the fact 
that free iodine combines with chlorine more readily than with 
bromine. 


Step ITI. Acidulate a portion of the prepared solution with acetic acid, 
bring it to the boil, and then test successive portions while 
boilirtg as follows :— 


REAGENT. EFFECT. | AciID PRESENT. 


(a) CaCl, . . . «| White ppt. soluble in HCl. | Oxalate. 


(6) Fe Clg (not in . Phosphate or 
excess) } ial 2 ae Oe I { Arseniate. 


(ce) Pb(C2H,0,)2 . Yellow ppt. . «,« « ~ | Chromate. 


To distinguish between phosphate and arseniate exactly 
neutralise a portion of the prepared solution with dilute HNO, 
and add AgNO,. 

Yellow precipitate soluble in NH,HO = Phosphate 
Red = Arseniate 


» PE) ” 
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Step IV. Just acidulate a portion of the prepared solution with dilute 
H,S80,, then add a strong and fresh solution of FeS0O,, and run 
some strong H,S0, down the side of the tube so that it collects 
at the bottom. A dark ring where the liquids meet proves 
Nitrate. 


Note.—If zodide has been pate poe found, this test fails to be conclusive, and in such 
case we must take advantage of the power of nascent hydrogen to reduce 
nitrates to ammonia. If no salt of NH, has been found in metal testing, we 
add to some of the prepared solution a fragment of zinc and sufficient HCl 
to cause a brisk effervescence. After ten minutes we add excess of KHO 
and boil, when an odour of NH, proves Nitrate. If NH, salts be present 
we add a little KHO to the prepared solution, evaporate to dryness, heat 
the residue till no more fumes are evolved, and then dissolve in water and 
apply the zinc, etc., as above described. 


Extra Step. Iodates being very difficult to detect in the preliminary, 
it is well to test for them specially (if they can possibly be 
present) by adding to the prepared solution KI and starch 
paste, and acidulating with tartaric acid. ‘This is not reliable 
in presence of nitrites. 


Division D.—Course for the Detection of Organic Acids. 


(Only to be entered upon in the event of the original substance being proved to 
contain organic matter by charring on heating in the preliminary examination.) 


The solution to be used is that prepared for acid testing, as already described. 


Step I. Place a minute fragment of litmus paper in a little of the pre- 
pared solution and add acetic acid drop by drop with agitation 
until the paper jus¢ turns red, then take out the paper and add 
AgNO, in excess, lastly add a drop or two of very dilute NH,HO 
till the precipitate just commences to redissolve. Now warm the 
tube in the Bunsen flame, when a reduction to metallic silver, 
forming a mirror on the tube = Tartrate. 

Note.—The tube used must first be rendered chemically clean by boiling in it 
successively some dilute HNO, and then some dilute NaHO, and rinsing 
1 distilled water. Formates produce the same effect, but do not char on 

eating. 


Step II. Place a minute fragment of test-paper into a portion of the 
prepared solution, and drop in dilute HC) till it 7us¢ turns red, 
then dilute NH,HO till it jzs¢ turns blue again, cool thoroughly, 
add some CaCl, and shake well. Ifa precipitate forms (oxalate, 
tartrate, etc.), add excess of CaCl,, shake, and let it stand in 
cold water for ten minutes and filter. Now add to the filtrate 
a little more NH,HO and boil gezt/y for some time, when a 
white precipitate = Citrate. 

Note.—If CaCl, gives nothing in the cold, of course we simply warm for the citrate 
straight off. As oxalate, tartrate, etc., have all been previously tested for, we 
shall know, before commencing to test for a citrate, whether we need to 
separate them in the cold or simply to add the NH,HO and CaCl, and boil 
straight away. 

The addition of rectified spirit to the solution in which boiling has failed 
to indicate citrate will bring down a AZa/aze on cooling, but unless specially 
suspected this reaction is not a very certain one. 


Step III. Place a fragment of test-paper into a portion of the prepared 
solution, and if alkaline, make it exactly neutral by carefully 
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dropping in dilute HCl. Then apply the following tests to 
portions of the neutralised liquid :— 

(a) Prepare some neutral ferric chloride, by adding very dilute NH4HO 
to a solution of Fe,Cl¢ until a permanent cloud just forms, and 


filtering. 
Now add some of this reagent, and observe effect as follows :— 
0 Carbolate 
(1) Red colour Sulphocyanate (2) Purple colour {Sulphocarbolate 
Meconate Salicylate 
Pyrogallate 
Gallate _— = Benzoate 
(3) Blue-black {-Pannat (4) Pinkish precipitate | Saccin ans 


Notes. 

(1) Acetate, red, is instantly discharged by a drop of HCl; pyrogallate is turned 
black by excess of KHO and exposure to air. Sulphocyanate and meconate 
have been already proved in the inorganic acid course, but distinguished by 
action of HgCl, if desired. 

(2) Acidulate a portion of prepared solution with HCl and shake up with ether. 
Remove the ether by a pipette and evaporate it on a watch-glass at a very 
gentle heat. Carbolic acid is left, an oily liquid readily recognised, while 
salicylic acid is left in characteristic crystals, as giving a beautiful violet 
with Fe,Cl,. (Also see page 57 for another separation.) Sulphocarbolic 
acid gives no immediate precipitate with BaCl,, but on evaporating with a 
little Na,CO, and KNO,, and fusing, then the residue dissolved in H,O shows 
a sulphate with BaCl.,. 

(3) With excess of KHO a solution of gallie acid rapidly becomes dark on exposure 
to the air, while tannic acid gives a flocculent liquid not so rapidly changing. 
Tannic acid also precipitates solution of gelatine, and gallic does not. 

(4) Take a good quantity of the neutralised and prepared solution, add excess of 
Fe,Cl,, filter out the precipitate and wash it. Now percolate it with some 
dilute NH,HO, evaporate the liquid so obtained to a low bulk, cool 
thoroughly, and acidulate with HCl. Benzoic aeid will separate in silky 
crystals, and succinic acid will not. 


Step IV. If oleic, lactic, or sulphovinic (ethyl-sulphuric) acids be 
suspected, specially test for them as follows :— 

Oleic acid will have shown its presence by always floating to 
the surface as an oily liquid whenever the prepared solution is 
acidulated with any acid. To confirm and distinguish it from 
the other fatty acids (stearic, etc.), take some of the prepared 
solution and acidulate with HCl, warm, and set aside till the 
oily layer floats up. Now remove the liquid beneath, as far as 
possible, with a pipette, add some water, boil, and drop in small 
fragments of K,CO ;, until the oily layer is saponified and 
dissolves. Now put in a piece of test-paper and carefully add 
acetic acid to exact neutrality, then cool and precipitate with 
excess of Pb(C2:H,;0O,)2. Filter out the oleate of lead, wash it 
with boiling water, let it thoroughly drain, and then prove that 
it is soluble in ether (stearate and palmitate of lead are 
insoluble). 

Lactic acid. Acidulate the prepared solution with HCl and shake up 
with ether. Pipette off the ether into a porcelain capsule and 
let it evaporate at a gentle heat, when the acid will be left and 
may be recognised as follows: (a) A portion heated burns at 
first with a blue flame, and then the flame becomes luminous 
as the temperature rises. (4) Another portion warmed with 
K,Mn,Og gives the odour of aldehyd. 

Sulphovinates do not precipitate BaCl, in the cold, but, on boiling, 
give a precipitate of BaSO, and an odour of spirit. 
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CHAPTER V. 


QUALITATIVE DETECTION OF ALKALOIDS AND OTHER 
ORGANIC BODIES USED IN MEDICINE, TOGETHER 
WITH THE TESTING OF “SCALE PREPARATIONS” 
AND A GENERAL SKETCH OF TOXICOLOGICAL PRO- 
CEDURE. 


DIVISION A. COURSE FOR THE DETECTION OF THE ALKALOIDS 
AND ALKALOID SALTS USED IN MEDICINE. 


Note.—Aconitine is omitted because it can only be really detected by experiments upon 
animals. Salicine, acetanilide, and antipyrin, although not alkaloids, are 
included, as they give tests apt to be mistaken for certain alkaloids. 

In this course not more than two definite zes¢s for each alkaloid are recorded, 
and for the remaining tests the reader is referred to the full table facing p. 87. 


Step I. Heat on platinum foil. If the substance at once takes fire and 
burns away with a smoky flame and an odour of singed hair, it 
is probably an alkaloid. 


Step II. To a solution of the substance in water or dilute acid add :— 
(a) Mayer’s solution (see index), which gives a precipitate with all 
official alkaloids (except caffeine), but no effect with antipyrin. 
(6) Solution of potassium bismuthous todide,* which will give a 
precipitate with all official alkaloids, also with acetanilide and 
antipyrin. 


Step III. Put a piece of red litmus paper on a watch-glass, lay on to 
this a little of the substance, and moisten it with a few drops of 
strong rectified spirit. If, on standing for a short time, the 
paper is rendered blue, we are dealing with a free alkaloid ; if 
not, then it is an alkaloid salt, and in the latter case we shall 
have to search for the acid as well as the base. 

Note.—Acetates of alkaloids often become basic and consequently alkaline by 
keeping, so beware of this. 

Step IV. To a fragment of a substance on a watch-glass (placed over 
white paper) add a drop of strong H2SO,, and stir. A bright 
red = Salicine and a deep red = Veratrine. 

Confirm former by warming with H,SO, + K,Cr,O, = odour of meadow- 


sweet (salicylic aldehyd), and latter by its giving yellow with HNO, and 
blood-red on warming with HCl. 


Note.—Many alkaloids give pale dirty pinks with H,SO,, which are to be disregarded. 


* Made by mixing 43 c.c. of /éguor bismuthi with 9 grms. of KI and 9 c.c. of strong 
hydrochloric acid. 
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Step V. To the liquid in which H,SO, has given no distinct red add a 
small fragment of powdered ammonium molybdate, and stir. 
(2) Greenish purple) _ 
Greenish black ) 
Confirm by adding H NO, toanother fragment, when orange-red = morphine 
and blood-red = apomorphine. Morphine with Fe,Cl, gives greenish blue, 
and apomorphine gives deep red. Morphine with H,SO,+ Na,HAsO,= 
bluish green. 
(4) Bright orange-red = Brucine. 
Confirm by testing another fragment with HNO, and getting a bright 
red, turned to violet on warming with SnCl,. 


(c) Bright greenish blue = Codeine. 

Confirm by adding HNO, to another portion. Pale evanescent 
yellow = codeine. 

(d) A yellowish green = Physostigmine. 

Confirm by adding HNO, to another portion. A strong gamboge 
yellow = physostigmine. Further confirm by getting a red with KHO, 
becoming blue on evaporating to dryness on the water-bath, and the residue 
dissolving in HCl to a dichroic solution. 

(e) Evanescent green, changing to buff, with pale green streaks = 
Hydrastinine. 

Confirm by testing with HNO, = pale yellow, becoming orange, and 
suddenly red on adding a drop of H,SO,. 

Step VI. Treat another fragment with a drop of H2SO, as before, then 
let another drop fall near it. Into the second drop put a 
fragment of powdered potassium bichromate, let it digest a 
moment, and then stir the drops together. 


(az) Beautiful violet. (evanescent) = Strychnine or Acetanilide. 
To distinguish between these we test original substance with HNO,, 
which gives no colour with strychnine, but a dirty yellow with acetanilide, 
turned red by NH,HO. (Further confirmatory tests, see page 88.) 


(2) An evanescent dirty red, following by pinkish buff and gradual 
formation of green streaks = Cocaine. 


(1) Confirm by mixing 5 c.c. of a 2 per cent. solution with 5 drops of a 
5 per cent. solution of chromic acid, and get a yellow precipitate, redissolving 
onshaking. Nowadd Ic.c. HCl,and geta permanent orange-yellow precipitate. 

(2) Moisten with HNO, dry and add a drop of alcoholic KHO, and get 
odour of peppermint. 

Note.—A minute drop of a dilute solution of cocaine placed upon the tongue will 
cause tingling and numbness. (Aconitine, which also causes tingling in the 
tongue, gives a red crystalline precipitate with K,Mn,O, in the most dilute 
solutions (1 in 4000) acidulated with acetic acid, while cocaine does not, 
unless present in amounts over I per cent. 


(c) A vivid emerald-green = Pilocarpine. 

Confirm by testing with HNO, and getting a faint green. 

{d) Faint yellowish greens more decided on standing = Atropine, 
Caffeine, Hyoscine, Homatropine, or Hyoscyamine, and indeed 
many alkaloids; but at this stage test only for the following, 
and if not found pass on to Step VII. 


(1) Atropine warmed with H,SO, gives a slightly roseate odour; on adding 
K,Cr,O, the odour suggests bitter almond oil. An alcoholic solution warmed 
with gCl, gives yellow precipitate, turning red ; with HNO, behaves like (3). 

(2) Caffeine dissolved in a c.c. of HCl, a little KClO, added, and the whole 
evaporated to dryness on a water-bath, leaves a residue which becomes 
purple when exposed to the fumes of NH;, which colour is destroyed by KHO. 

(3) Ayoscine dissolved in HNO,, and dried on water-bath, is turned violet by alco- 
holic KHO. An aqueous solution is precipitated by KHO, but not by NH,HO. 

(4) Homatropine similarly treated to hyoscine gives a yellow instead of a violet; 
shaken out from its salts with NH,HO and chloroform, and the latter 
evaporated, leaves a residue, turned first yellow, and finally brick-red, with 
a 2 per cent. solution of HgCl, in diluted alcohol (proof spirit). 


Morphine or Apomorphine. 
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(5) Hyoscyamine. An aqueous solution acidulated with HCl is not precipitated 
by PtCl,, but is by AuCl,, and this, when dissolved in boiling H,O, acidulated 
with HCl, and crystallised, yields lustrous golden-yellow scales (distinction 
from atropine), 


Step VII. Dissolve some of the original substance in water (using a 
drop or two of acetic acid to help solution if necessary), then 
add chlorine water and a gradual excess of NH4HO. 


(a) A clear green solution = Quinine or Quinidine. 

(4) A white precipitate = Cinchonine, Cinchonidine, or Sparteine. 

(c) A clear yellow = Phenazone (Antipyrin). (Confirm by nitrite 
test, see page go.) . 

Note.—In presence of salicylate the ordinary tests for quinine fail, and in this case it 
is necessary to dissolve in dilute hydrochloric acid, shake up with ether to 
remove salicylic acid, and then draw off the watery solution from beneath 
the ether and test it for quinine. 

Separation of the Cinchona alkaloids from each other.—Dissolve in a little water 
by the aid of a few drops of dilute HCI, heat nearly to boiling and drop in 
dilute NaHO until the liquid is as nearly neutral as possible to litmus paper, 
and no more than a mere trace of permanent turbidity is produced ; cool 
perfectly and then stir in saturated solution of Rochelle salt until precipita- 
tion ceases. When the precipitate has settled filter out the tartrates of 
Quinine and Cinchonidine so produced. To the filtrate add a little spirit, 
and stir in saturated solution of KI to precipitate the Quinidine.. Again 
filter, add solution of ammonia in excess and shake up with a little ether, 
when Cinchonine will precipitate, and any amorphous alkaloid present will 
pass into the ether. 

To separate Quinine and Cinchonidine.—Take the tartrates obtained as above, 
dissolve in a little water with sufficient HCl, place in a stoppered tube 
immersed in cold water, and then add sufficient ether, so that, after shaking 
and again coming to rest, there shall just be a visible layer of ether over 
the liquid in the tube. Now add excess of NaHO, again shake, cool, 
and see that a visible layer of ether still separates, but, should it not do so, 
a little more ether must be added and the whole once more shaken. The 
closed tube is now to be left in the cold for some time, and if the whole of 
the precipitated alkaloid remains dissolved in the ether, then it was all 
Quinine, but if a crystalline deposit forms at the base of the ether layers 
Cinchonidine is present. 

To distinguish Sparteine from Cinchonine.—If 25 c.c. of ether be added to about 
oI grm. of sparteine sulphate in a test-tube, then a few drops of dilute 
ammonia water, so that the latter shall not be in excess, and an ethereal 
solution of iodine (1 in 50) be afterwards added until the liquid, when shaken, 
turns from an orange to a dark reddish-brown colour, the bottom and sides 
of the test-tube will after a short time be found coated with minute, dark 
greenish-brown crystals, distinctly seen with a lens after the liquid has been 
poured out. (U.S.P.) 


Step VIII. If we believe that we are dealing with an alkaloid salt we must 
now proceed to test the acid. The acid radicals usually | 
present in alkaloidal salts of commerce are chloride, sulphate, | 
acetate, phosphate, citrate, meconate, nitrate, and salicylate. 

The first step will be to dissolve a little of the alkaloid salt in 
very dilute HNOs, and test (1) for HBr with Cl water and chloro- 
form ; (2) for HCl by AgNO3; (3) for HeSO4 by BaCle; (4) for 
H3PO, by excess of ammonium molybdate and HNOs3. 

The next will be to dissolve in water only, and test with 
FeoClg for acetate or meconate (red) or salicylate (violet). 
(Acetate decolourised by boiling, meconate not so ; also acetate 
gives no precipitate with Pb(C2H3O2)2, and meconate does.) 

Lastly, we must test in the usual way for a citrate (but, unless 
the base be caffeine, this is not likely), also for a nitrate 
(especially with pilocarpine and strychnjne), and finally for a 
valerianate (with quinine). 
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ALKALOID. 


— 


Aconitine.. 


Atropine .. 
Beberine .. 


Pure H,SO,. 


TABLE OF 


H.SO 
+ HNOs. 


.| grad. violet | grad. violet 


ne effect 
.| olive-green 


no effect 
olive-green 


Berberine _ ..| olive-green | olive-green 
Brucine .. ..}] no effect red 
Caffeine .. ..| no effect no effect 
Calabarine 3 es 
Chelidonine ..}| no effect green 
Cinchonine ..] no effect no effect 
Cinchonidine ..| no effect no effect 
Codeine .. ..| no effect grad. blue 
Colchicine ..} yellow blue 
Colchiceine ..| yellow blue 
Coniine .. ..| no effect no effect 
Curarine .. red red 
Delphinine no effect no effect 
Delphinoidine red no effect 
Emetine .,_ ..|/brown-green|brown-green 
Gelsemine _..| yellow-red ue 
Hyoscyamine..| no effect no effect 
Jervine .. ..|yellow, then/yellow, then 
light green | light green 
Morphine., ..| no effect violet 
Narcéine .._ ..} grad. grey. jyellow, turn- 
turning ing orange 
blood-red : 
Narcotine ..| grad. rasp- | reddish- 
berr violet 
Nicotine .. ..| no effect no effect 
Nepaline .. ..| grad. red grad. red 
Papaverine ..| no effect no effect 
Physostigmine | grad. red grad. red 
Pilocarpine ..| no effect no effect 
Piperine .. grad. green | grad. green 
Quinamine Se 
uinidine  ..| no effect no effect 
uinine .. ..| no effect no effect 
Sabadilline grad. fine rad. fine 
cherry-red | cherry red 
Sabatrine.. rad. fine | grad. fine 
cherry-red | cherry-red 
Solanine .. ..| light red- | light red- 
dish dish 
Staphysagrine | no effect no effect 
Strychnine ..| no effect no effect 
Vaxine sss. red Ee 
Thalictrine .. 5 deep green 
Theobromine..| no effect no effect 
Thebaine.. .| blood-red red || 
Veratrine... ..| grad. fine rad. fine 
erry-red | cherry-red 
Veratroidine . | gr. fine rad, fine 
cherry-red 


(Zo Jace page 87.) 


cherry-red | 


+ sugar. 
fine red 


no effect 


no effect 
no effect 


no effect 
no effect 
red 
yellow 
yellow 
no effect 
red 
no effect 
green 
red 


no effect 


red 


no effect 


grad. red 


no effect 
no effect 


rrad. red- 
ish-violet 
rad, red- 
ish-violet 


brown 


no effect 


no effect 


GENERAL REACTIONS OF THE ALKALOIDS. 


Fréhde’s R. | HNO3. 


yellow- reddish- 
brown brown 
no effect no effect 


brown-green| brown-red 
brown-green| brown-red 


"red red 
no effect no effect 
no effect no effect 

ae no a 
grad. deep yellow 
blue} 

yellow blue 

yellow blue 
no effect no effect 
no effect 
blood-red 
red and 

green 
no effect no effect 

as no effect 
violet yellow 
brown- yellow 
green, red 
and blue 
no effect no effect 
a orange 
yf, red 
yellow, then orange 
brown 
greenish no effect 
greenish no effect 
rad. red- yellow 
ish violet! 
grad. red- yellow 


dish violet 
margin blue 


violet- = 
brown 
no effect no effect 
no effect no effect 


orange yellow 


grad. blue grad.cherry-| yellow 
red 


grad. violet |grad.cherry-| yellow 
red 


Conc. HCl. 


no effect 


no effect 


no effect 
no effect 
no effect 
no effect 


no effect 
no effect 


no effect 


o- 


remain light |remain light 
remain light |remain light 


no effect 
no effect 


no effect 


no effect 


no effect 
no effect 


no effect 
reddish 


no effect 
no effect 


wine-red 
wine-red 


no effect 


no effect 


no effect 
yellow 
red 


red 


H.SO, 


+ K,Cr07. FesClg. 
in. aq. sol. 
yellow ppt. 

discolored | not pptd. 

orange “A 
no effect not pptd. 
oe not Pp td. 
olive-green | no eifect 

green, then a 

brown 

green, then s 

brown 
blue, then 
violet and 
red 
brown 53 
discolored | not pptd. 
brown blue 
green 
2 ppt. in HCl. 
sol. 
light yellow not pptd. 


blue,passing| brownish- 
quickly to] green ppt. 
violet and 


red 

no effect not pptd. 
reddish- |ppt. in HCl. 
brown sol, 


OTHER REACTIONS. 


A drop of a dilute solution causes tingling 
and numbness on tongue. 
Dilates the pupil. 


The addition of a few drops of chlorine 
water to a solution of berberine in 
excess of hydrochloric acid produces a 
red coloration. 

A solution in dilute sulphuric acid (1°8) 
is turned fine red by bichromate of 

otassium. 

The residue obtained by dissolving in 
chlorine water and ‘evaporating is 
coloured red by ammonia. ; 

{ The precipitate with potassio-mercuric 

iodide is insoluble in alcohol. 

Remain colourless when treated as 
above. / 

armed with sulphuric acid and ferric 

chloride turns blue. { 

If the blue colour produced by addin 
KNOs to the solution in H SO, is al- 
lowed to fade, the residue is coloured 
red by potash. 

e hydrochloric acid solution leaves a 
crystalline residue when evaporated. 


Bromine colours the solution in sul- 
phuric acid violet. 
onc. hydrochloric acid colours the solu- 
tion in Fréhde’s reagent deep blue. 
Sulphuric acid and oxide of cerium colour 
cherry-red. 
Dilates the pupil. 


Reduces iodates, liberates iodine from 
iodic acid. 

The crystals turn blue when moistened 
with dilute solution of iodine. 


Fine red is developed when the sol. in 
dil. sulph. acid is evaporated. 

The hydrochloric acid solution leaves on 
evaporation an amorphous residue. 


Turns blue, warmed with sulphuric acid, 

Solution of chloride of lime colours red. 
The precipitate with potassio-mercuric 
iodide is soluble in alcohol, Physo- 
stigmine produces tetanus. 


The ppt. with chloride of gold 1s rapidly 
decomposed with red coloration. 

Like quinine. 

The chlorine-water solution is coloured 
green by ammonia, red-brown with 
ammonia and ferricyanide of potas- 
sium, 


Much weaker in physiological action 
than veratrine, 


A hot mixture of equal volumes of alcohol 
and sulphuric acid is coloured red by 
solanine. 


The blue coloration produced by HaSO, 
and oxide of cerium is finer than with 
bichromate. 


The double chloride of taxine and geld is 
easily soluble. 


Like caffeine, 
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GENERAL RESUME OF THE TESTS FOR ALL THE CHIEF 
ALKALOIDS. 


The following table is given by Dragendorff in his “‘ Pflanzenanalyse.” The 
author has found it to be fairly accurate, except in the case of aconitine. 
The following are the reagents used :— 


1. Pure strong sulphuric acid free from nitrous fumes. 

2. 200 parts of sulphuric acid with 1 part of nitric acid. 

3- “I gramme of sodium molybdate in Io c.c. strong sulphuric acid 

(Frohde’s test). 

4. 1 part alkaloid mixed with 5 parts powdered white sugar, and then 
strong sulphuric acid dropped on. 

. Sulphuric acid and potassium bichromate used as already described 
in Division A. 

. Nitric acid (strong 1°3 sp. gr.). 

. Strongest fuming hydrochloric acid. 

. Ordinary solution of Fe2Clg as neutral as possible. 


The reagents being generally added in turn to a fragment of the dry 
alkaloid, or to the residue left on the evaporation of an alkaloidal 
solution. 


Coonmt u1 


DIVISION B. QUALITATIVE DETECTION OF CERTAIN ORGANIC 
BODIES COMMONLY EMPLOYED IN MEDICINE AND IN THE 
ARTS. 


I. Zhe substance is a liquid usually having a characteristic odour, and 
entirely volatile by a gentle heat. 


Note.—These odours should be carefully studied on known samples. 


Acetic Ether (ethyl acetate). Miscible with alcohol, slightly with water 
(1in to). Distilled with KHO gives alcohol (proved by Lezben’s 
test), and the residue in the retort yields the reactions for an 
acetate. 

Amyl Alcohol (fousel oil). Miscible with alcohol, but sparingly 
soluble in water, on which it floats. Does not volatilise under 
128° C. Gently warmed with sodium acetate and diluted 
H2SO, it gives the odour of pears. Distilled with K2Cr207 + 
H2SOx, and the distillate boiled with K HO, potassium valerianate 
is formed, giving the tests for valerianates. 

Amyl Nitrite. Miscible with alcohol but not with water, on which it 
floats. Dropped into fused K HO it forms potassium valerianate. 
Shaken up with a solution of KI, acidulated with diluted 
H,.SO,, iodine is liberated and NO is evolved. 

Benzol (benzene). Miscible with alcohol but not with water, upon 
which latter it floats. Dropped into HNO; it yields nitro- 

_ benzene, having an odour of bitter almonds. Dropped into 
H.SO, and the solution boiled with KHO a carbolate is 
obtained and may be tested for. 

Benzinum (petroleum spirit). Miscible with alcohol, but insoluble in, 
and lighter than, water. Does not give reactions with HNOs, 
H2SO,4, and KHO (distinction from benzene). 

Chloroform. Miscible with alcohol. Very slightly soluble in, and 
heavier than, water. Reduces Fehling’s solution. Boiled with 
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KHO and a fragment of resorcin gives an intense red (vosolic 
acid); add a drop of aniline to some alcoholic solution of 
KHO, then add a drop or two of the suspected liquid and 
boil, when a fearfully offensive odour of phenyl-isocyanide is 
produced. 

Creasote (chiefly guaiacol and creasol). Very slightly soluble in water, 
in which it sinks. The aqueous solution gives a green colour 
with ferric chloride, rapidly changing to a_ reddish-brown 
precipitate. Creasote is miscible with collodion without pro- 
ducing any turbidity, and it is insoluble in commercial glycerine 
(distinction from liguid carbolic acid). 

Ethyl Alcohol. Add KzCreO7 and HeSOx,4 and boil, and get a green 
colour and odour of aldehyd ; heat with NaC,H302 and H2SQOx,, 
and get odour of apples; warm with KHO and iodine, and get 
yellow precipitate of iodoform (Lezben’s test—best done on a 
portion that has been distilled off from the original liquid). 

Glycerine. Colourless and odourless syrupy liquid, volatilising on 
heating with very irritating vapours. A borax bead dipped in 
glycerine and held in the Bunsen flame colours it green (if 
the original liquid be acid it must be first neutralised and 
ammonium salts must be absent). Two drops of concentrated 
glycerine heated to 125° C., with two drops each of phenol 
and HeSO,, yield a semi-solid mass which dissolves in 
dilute ammonia solution, giving a carmine colour. Before 
these tests are used for any mixture, it should be evaporated 
to dryness with excess of slaked lime at a temperature under 
100° C., and the residue having been extracted with a mixture 
of equal volumes of absolute alcohol and ether, the resulting 
solution should be evaporated on a water-bath, and the tests 
applied to the residue. 

Methyl Alcohol. To 5 ¢.c. of the liquid add 2 grammes of K2Cr2Oz, 
and 20 c.c. of dilute H2SO, (1 in 4); let the whole stand for 
twenty minutes, and then distil off 10 c.c. Neutralise this dis- 
tillate with NaeCO3, evaporate to a low bulk, acidulate with 
acetic acid, and apply the tests for formate (page 46). 

LVitrobenzene (oil of mirbane). Yellowish oily liquid having an odour 
of bitter almonds. Placed in contact with zinc dust and 
diluted H2SOx, it is reduced to aniline. Ifa crystal of KCIOs; 
be dropped in and H2SO, run down the tube (as in testing for 
nitrates) a violet colour is produced round the crystal. 

Paraldehydum (paraldehyd). Soluble in water (1 in 10); miscible with 
ether ; no colour with KHO after standing (d7st. from aldehyd). 
Mirror on warming with ammonio-argentic nitrate. 

IL. Zhe substance ts a solid which chars on heating and entirely burns 
away. Observe the colour of the substance, try its solubility, 
first in cold water and then in cold chloroform, and apply the 
following :— 

Case (A). Substance white, difficultly soluble (or insoluble) in cold 
water, but readily in chloroform. Suspect and test for :— 

Acetanilide (antifebrin). Slightly soluble in cold water(neutral reaction) ; 
freely soluble in chloroform, ether, benzol, and rectified spirit. 
Heated with solution of KHO and a drop of chloroform, the 
odour of phenyl-isonitrile is developed. Aqueous solution gives 
yellowish-white precipitate with bromine water (distinctions from 
phenacetin). 
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A cold solution gives no colour with FeeClg (distinction from 
antipyrin, acetone, and aniline salts). No colour with H2SQ,. 

Lilaterin. In greenish-white friable masses. Insoluble in water, but 
soluble in chloroform. With a drop of liquefied carbolic acid 
and two drops of HeSOx gives first crimson and then scarlet. 

WVaphiol (beta-naphthol). Often buff or yellow when old stock. Slightly 
soluble in water, freely in chloroform, and has a slight odour 
of phenol. Hot saturated solution with 1 drop of solution of 
NH; has a pale blue fluorescence. o'r grm. added to 5 c.c. 
aqueous KHO (1 in 4) with 1 c.c. chloroform, and gently 
warmed, the aqueous layer goes first blue, then green, and finally 
brown. o'r grm. in to c.c. boiling H,O, mixed with 10 cc. of 
3 per cent. solution of Fe,Cls, gives a precipitate becoming 
brown, but not violet (absence of alpha-naphthol). 

LPicrotoxinum (picrotoxin). Slightly soluble in water, freely in chloro- 
form ; soluble in ro parts of a solution of KHO, and the liquid 
reduces Fehling’s solution; H SO, gives a saffron-yellow ; its 
solution is not precipitated by HgCla, by bismuth potassium 
iodide, PtCly, or by tannic acid (showing that it is not an 
alkaloid). 

Sa/lo/ (phenol salicylate). White crystalline powder. Almost insoluble 
in water, but freely in chloroform. On melting together salol and 
NaHO, and then rendering acid with HCl, crystals of salicylic 
acid separate, and the odour of phenol is obtained. If a few 
drops of very dilute FegCl, be added to 1o c.c. alcoholic solution 
of salol a violet is produced. . Water that has been shaken with 
salol gives no colour with Fe,Cle (absence of free salicylic acid). 

Santonin. White when fresh, pale yellow when old; nearly insoluble 
in water, soluble in alkali; added to a warm alcoholic solution 
of KHO gives a violet-red colour, gradually fading away ; 
added to 1 c.c. of HeSOx, and a few drops of FegClg and heated 
gives a red colour changing to brown. (Zzhese will detect santonin 
in urine.) Heated on a porcelain dish and H2SOy, added gives 
a purple. 

Sulphonal. Slightly soluble in cold water and in chloroform; fused 
with an equal weight of KCN the odour of mercaptan is evolved, 
and the residue dissolved in water, acidulated with HCl and 
Fe2Cle added, a red colour is produced; a solution mixed with 
4 drops of carbolic acid, and strong H,SO, added till the liquid 
boils, a green colour is obtained. Heated in air gives off SO,, 
or with dried NaC,H3Oz¢ gives H,S. 

Case (B). Substance wife, not readily soluble in cold water or cold 
chloroform. Suspect and test for :— 

Glusidum (saccharine or benzoyl-sulphonic imide). Not readily soluble 
in cold water or in chloroform ; heated to redness with Na,CO; 
it chars and gives off an odour of benzene ; not blackened by 
H,2SO4; on fusing with NaHO, cooling, dissolving in water, 
faintly acidulating with HCl, and adding Fe2Clg, a reddish 
purple is obtained. 

Phenacetinum (phenacetin). Only slightly soluble in cold water, and 
not freely in chloroform. A hot solution gives a violet with 
chlorine water, fading to red; boiled with HCl and FeeCl, 
added gives a red; mixed with four drops of carbolic acid, and 
H,2SO, added till the liquid boils, gives a purplish-brown colour 
and odour of acetone; o'r grm. boiled with 2 c.c. of HCl for 
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3 minute, and the liquid diluted with 10 volumes of water, cooled 
and filtered, gives a deep red with solution of chromic acid ; 
does not give precipitate with bromine water, nor does it give 
the isonitrile test (dist. from acetanilide). 0°3 grm. in I C.c. 
go per cent. alcohol, diluted with 3 c.c. water and boiled with 1 
drop + iodine solution, gives no red (absence of paraphenetidin). 

Case (C). Substance white (crystalline), and readily soluble in cold 
water. Suspect and test for :— 

Chloral (hydrous). Soluble in water. Heated with solution of KHO 
gives odour of chloroform, and the contents of the tube give 
the reactions of a formate (page 46). Gives the same test with 
resorcin as chloroform. Mixed with a 5 per cent. solution of 
carbolic acid, and an equal bulk of H»SO, added, gives a pink. 

Pienazonum (antipyrin or phenyl-methyl-pyrazolone). Freely soluble 
both in water and chloroform; with NaNOg, and diluted sul- 
phuric acid gives a green; an aqueous solution with an equal 
volume of HNO; is yellow, passing to crimson on warming ; 
FeeClg gives a deep red, discharged by dilute H2SO,4. 2 c.c. 
of a 1 per cent. aqueous solution with 2 drops of HNOs goes 
green, changed to red by adding 3 drops more and boiling. 

Resorcin. Freely soluble in water; FesCle added to an aqueous 
solution gives violet, discharged by NH,HO; NagOCle gives 
a violet, fading to yellow; NH4HO and CaOCl, gives a red 
violet, turning yellow. 

Soluble Saccharine. ‘Tests as for glusidum, but when heated to redness 
leaves a residue giving the tests for sodium. 

Sugars. (a) Sucrose (cane sugar). A solution boiled with dilute 
H,SO, darkens markedly, but not when boiled with Zguor 
potasse. ‘Trommer’s test (a few drops of solution of CuSO, 
with an excess of KHO and boiled) gives no red. Fehling’s 
solution (see p. 129) gives no red. 

(6) Glucose (grape sugar). A solution gives no darkening 
when boiled with d/ute H2_SO,4, but darkens when boiled with 
liquor potasse. Trommer’s and Fehling’s tests both give a red 
precipitate. 

(c) Lactose (milk sugar). A solution is only slightly affected 
either by boiling with dilute H SO, or with “guor potasse. 
Fehling’s and Trommer’s tests both give a red precipitate. 

Case (D). The substance is coloured. Suspect and test for :— 

Adeps Lane (cholesterin-fat). Insoluble in water, soluble in chloro- 
form and ether, sparingly in rectified spirit. ‘The chloroformic 
solution poured gently over the surface of strong H2SOs, gives 
a purple ; five grammes in ethereal solution mixed with phenol- 
phthalein give a red on the addition of ‘2 c.c. of normal sodium 
hydrate (distinction from ordinary fatty acids, which would 
saponify and absorb much more soda). Soluble in boiling 
alcohol, and crystallises out on cooling. 

Aloin. Yellow and slightly soluble in cold water, freely in hot; 
insoluble in ether. HNOs gives a red (except with socaloin, 
which goes brownish). Dissolve in strong H2SO, and a few 
drops HNOs, dilute with water, and get a yellow, turned deep 
claret by excess of NHgHO. H:SO,4 on a fragment of aloin, 
and a rod moistened with HNO; held near, gives a blue with 
nataloin only. 

Chrysarobin. A brownish-yellow powder, partly volatile by heat with 
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yellow vapours ; insoluble in water, but soluble in KHO, gradu- 
ally producing a brilliant red. H,SO, on the fragment gives a 
reddish brown. 

fel Bovinum (ox bile). Yellowish-green substance, soluble in water 
and spirit. A solution mixed with a drop of syrup and then 
H2SO, cautiously added becomes cherry-red, changing suc- 
cessively to carmine, purple, and violet. 

Gelatinum (gelatine). Swells up in water, soluble on boiling. Tannic 
acid gives a flocculent precipitate; HgCle gives a white; not 
precipitated by dilute acids, alum, plumbic acetate, or ferric 
chloride. 

Guaiacum Resin. In powder yellowish green. Insoluble in H,O, but 
soluble in alcohol, and this solution becomes blue with Fe,Cle 
or solution of H,O,. The HeSO,+H,0 test (see Jalap Resin) 
gives a characteristic odour somewhat balsamic. 

Lodoform. Yellow, insoluble in water, and characteristic odour ; warmed 
with alcoholic solution of KHO, and then mixed with starch 
paste and excess of HNOs, gives a blue. (May be detected in 
urine by adding alcohol and pouring upon phenol-potassium 
contained in a test-tube, when the red colour will cover the 
bottom of the tube; soluble in alcohol.) 

Jalap Resin. Dark brown in fragments, paler in powder. Insoluble in 
water, but soluble in alcohol; insoluble in turpentine. H SO, 
dropped ona fragment turns it reddish, and on adding a few 
drops of water, so as to cause evolution of steam, the charac- 
teristic odour of jalap is observed. Only 10 per cent. should 
be soluble in ether (absence of scammony or Tampico jalap resins). 

Podophyllin. Pale yellow to orange-brown. Insoluble in water, but 
soluble in spirit; soluble in NH,s,HO; H2SO,4 ona fragment 
slightly colours it, and on adding a drop or two of water no 
characteristic odour is evolved. Partly soluble in ether. 

Resin. Insoluble in water, soluble in alcohol and in turpentine ; 
H2SO, on a fragment gives a strong red, and on adding a few 
drops of water, so as to cause evolution of steam, the character- 
istic odour is observed. 

Scammony Resin. Brownish translucent fragments. Insoluble in H,O, 
but soluble in alcohol, and completely in ether (distinction from 
jalap resin). Alcoholic solution gives no colour with FeeClg 
or H,Oz¢ (absence of guaiacum resin). The H,SO4,+ H,O test 
gives the odour of scammony. 
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Step I. Heat a little to redness on platinum foil, and observe the 
following possible cases :— 

(a) If it entirely burns suspect Beberine sulphate. 

Confirm by testing for sulphate by BaCl, ; and for beberine with KHO, 
getting a yellowish-white precipitate entirely dissolved by agitating the liquid 
with twice its volume of ether. This ethereal liquid evaporated leaves a 
yellow residue entirely insoluble in dilute HCl. 

(6) An ash is left: (a) Put a small fragment of the ash upon a piece of 
red litmus paper, moisten it with a drop of water, and, if it 
turns the paper blue, suspect potassium; (b) Dissolve the 
remainder of the ash in nitric acid, dilute and test with excess 
of ammonium molybdate for phosphoric acid. 

Note.—If K be suspected, prove it by igniting some more of the scale, extracting the 
ash with very little boiling water, filtering, cooling, and adding PtCl,. 
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Step II. Make a weak solution of the scale, acidulate it with a drop of 
HCl, and test for ferrous iron with KgFe2Cy.Ny2, and for ferric 
with K4FeCgN¢. Also test another portion by adding excess of 
AgNOs, and heating, when reduction to black or a mirror = 
tartrate. 


Step III. To a strong solution add excess of NaHO, boil, and smell for 
ammonia. If neither phosphoric nor tartaric acid has been 
already found, filter out the precipitated ferric hydrate and use 
the filtrate for testing for acids as follows :— 

(a) Test a portion for citric acid exactly as directed in the organic acid 
course (page 80). 

(2) Test another portion by exactly neutralising with HNOs, and adding 
AgNOs, when a white precipitate = pyrophosphate, and the same 
turning black = hypophosphite. 

Of course this step is never to be taken unless an indication of P be got 
in the ash with molybdate in Step I. 

Step IV. Make a solution of a fair amount of the scale, add a drop or 
two of very dilute NH,4HO, and then add some strong NH4HO. 

Case (A). There is either no precipitate, or it dissolves in strong 
NH,4HO: Add some chloroform and shake up. Separate the 
chloroform by a pipette, and evaporate it to dryness in two 
portions on separate white dishes. ‘Test the one residue for 
strychnine, and the other for quinine. 

Case (B). The NH4,HO causes a permanent white precipitate: 
Filter out precipitate, and dissolve it off the filter with a little 
warm water containing a few drops of acetic acid. Boil the 
solution down to a low bulk, cool, neutralise if necessary with 

‘very dilute NaHO, and then add a few drops of saturated 
solution of Rochelle salts and shake, when a white precipitate 
= cinchonidine. If not that, then add NH4HO, when a white 
precipitate insoluble on shaking with ether = cinchonine. 


DIVISION D. GENERAL SKETCH OF THE METHOD OF TESTING 
FOR POISONS IN MIXTURES. 


This course is only carried down to the best method of preliminary 
procedure for the zso/ation of the poison, all the individual tests to be after- 
wards applied having been already fully described in this or former chapters. 

Note.—Students desiring to study the subject more deeply are referred to Dr. Leyda’s 
articles on detection of poisons in the Axalyst for 1890. 

Step I. If the liquid be very strongly acid, and effervesces violently with 
NaHCOs, test for poisonous acids, specially for Nitrie and 
Oxalic, 

Note.—Oxalic acid is best separated from a mixture by precipitation with plumbic 
acetate, filtering, suspending the precipitate in water, and passing H,S. This 
removes the lead, and, after again filtering out the PbS, the liquid is 
evaporated to a suitable bulk and tested for oxalic acid. 

Step II. Acidulate with + of its bulk of HCl (filter, if necessary), and 
_ apply Reinch’s test for As, Sb, Hg. 
Step III. Burn to ash, dissolve this in HCl or HNOs, and test by ordinary 
course for poisonous metals, especially Pb, Cu, and Zn. 
Step IV. If the original, either alone or when heated with dilute H2SO,, 


gives the odour of HCN, of carbolic acid, or of phosphorus, 
test specially for them. 
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The reactions of HCN have been given at page 40, while those of carbolic 
acid are found at page 51. If a piece of filter paper, moistened with solution 
of AgNOs, and suspended in the neck of the flask or bottle containing the 
suspected matter, be not darkened after warming the whole to 50° C. fora 
short time, no phosphorus is there. If darkening should occur, the suspected 
matter is to be acidulated with H2SQO,, and distilled in a dark room, using a 
glass Liebig’s condenser, when a luminous ring will be observed to form in 
the upper part of the condenser tube. If the suspected matter should contain 
spirit or certain other volatile bodies, the ring will not appear till they have 
passed over. 


Step V. Jf the original has no odour of opium we proceed to apply Stas’s 
process for the detection of alkaloids as follows :— 

If the original be a solid, it is operated upon directly, but, 
if a fluid, it is first evaporated to dryness on a water-bath. 
Add some strong alcohol and a small crystal of tartaric 
acid, boil, and filter. Evaporate the filtrate to dryness 
on the water-bath, and take up with warm water slightly 
acidified with acetic acid, then cool and filter (if neces- } 
sary), taking care that the liquid just remains acid. Put 
this acid liquid into a separator (fig. 17), and shake it 
up with ether or benzene, and carefully separate the 
ether. (This ether may contain fat, certain bitter prin- 
ciples, and glucosides, and therefore, in a general in- 
vestigation of a drug, it should not be rejected, but 
evaporated, and the residue examined.) Now make 
the liquid distinctly alkaline by the careful addition of NagCO3 
or NaHO, and again shake up in the separator with chioroform, 
which will take up all the alkaloids except morphine. The 
chloroform is separated, evaporated at a very gentle heat, and 
the residue tested for alkaloids by the course given in Division 
A by the table facing page 87 of this chapter. Lastly, the 
alkaline liquid is shaken up with warm amylic alcohol, which 
extracts morphine and leaves it upon evaporation. 

Note.—It is often better to get the alkaloids out from the chloroform or amylic alcohol 
by shaking the separated solvent up with water acidulated with acetic acid 
or HCl, thus getting an aqueous solution of the alkaloid and leaving any 
resinous matters in the chloroform. The re-treatment of this solution with 
alkali and chloroform, etc., will then enable us to get the alkaloid in a state 
of purity. 

Step VI. When opium is suspected. Acidulate with acetic acid and filter, 
if necessary (any alcohol present being got rid of by boiling it 
off). Precipitate when cold with solution of plumbic acetate, 
filter, and preserve the precipitate (A) for examination for 
meconic acid and the filtrate (B) for morphine. 

(a) Precipitate (a) is suspended in water and treated with H,S till per- 
fectly decomposed ; the PbS filtered out, and the filtrate, after 
evaporation to drive off H,S, tested for meconic acid. If this 
be found, it is held to be sufficient proof of presence of opium 
taken in connection with the odour of the original. 

(2) Filtrate freed from Pb by HS and filtering is evaporated to dryness 
with a slight excess of NaHCO; on a water-bath. The residue 
will yield its morphine to alcohol, generally in a state suff- 
ciently pure to evaporate a drop, and test. If not, then amylic 
alcoho! must be used. 


Fig. 17. 
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I. WEIGHING AND MEASURING. 


Att bodies mutually attract each other. As the earth is the largest body 
within our atmosphere, it follows that its attraction is always greater than that 
of any surrounding matter. The force thus developed is called the attraction 
of gravitation, and its exercise is the cause of weight. Weighing is performed 
by means of the well-known appliance called the balance. Figure 18 
illustrates a chemical balance of the modern short-beam type. H is the 
handle by which the balance is put into action, and R is the appliance for 


Fig. 18. 


placing rider weights upon the graduated beam. Weights are made either 
according to the metrical or the English system, as follows :— 

(a) Zhe Metrical system.—The metrical weights of precision above one 
gramme are in brass; and then we have ‘5, ‘2, ‘1, ‘1, and following them 
.05, “02, ‘or, ‘or, all in platinum or aluminium foil. 
The quantities below ‘cr (one centigramme) are weighed 
by arider on the beam. The combination of 5, 2, 1, 
and 1 has been chosen because they have been found 
to give the greatest number of possible combinations 
IAA with the fewest weights. Figure 19 shows such a box 
Fig. 19. of metrical weights as usually employed in quantita- 
tive analysis. The metrical system is founded upon the métre. The metre is 
multiplied and divided entirely by ro, thus :— 
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Kilo-metre . # ‘ * : 1000" 
Hecto-metre. = ; s ‘ ‘ 100° 
Deca-metre . ° $ “ ‘ e 10° 
Metre . 5 ° a * 1 
Deci-metre . . ‘ e . , Ff 
Centi-metre . - £ ‘ F ‘OI 
Milli-metre . : » 3 3 . 001 


The metre taking the practical place of the English yard, the decimetre 
consequently takes the place of the foot, and the centimetre of the inch; and 
just as weight is got in our system from the cubic inch, so it is got metrically 
from the cubic centimetre, only much more simply, because 1 cubic centimetre 
of distilled water, measured at 4° C. and 760 millimetres bar., weighs one 
gramme. The gramme is multiplied and divided exactly as the metre, thus :— 


Kilo-gramme 


: . . 1000° 
Hecto-gramme . < . . 100° 
Deca-gramme . . ° . 10° 
Gramme : : ° ° . ° 1 
Deci-gramme ° . : ° . ‘I 
Centi-gramme . . < . : ‘ol 
Milli-gramme A : r : : ‘00! 


One kilogramme (1000 grammes) of water at the standard temperature and 
pressure measures one litre (or 1000 cubic centimetres), and we have therefore 
the following simple relation of weights and measures of water :— 


Weight. Measure. 
OOO grammes . ° : . I litre or 1000 cubic centimetres. 
100 i : ai ; 1 deci-litre or 100 a ig 
10 x = ‘ a I centi-litre or 10 - - 
I gramme - ° 1 milli-litre or 1 cubic centimetre. 


So we see that using water at 4° C.,a gramme by weight and a cubic centi- 
metre by measure amount to the same thing; as likewise do a kilogramme 
by weight and a cubic decimetre (or litre) by measure. The relation between 
the two systems is easily calculated from the following standards :— 


Metrical. English. 
1 Gramme = 15'432 grains. 
1 Kilogramme = 2°205 lb. (or 15,432 grains). 
1 Litre = 1°76 pints (or 35 fl. oz., 2 drachms, II minims). 
1 Metre = 39°37 inches. 
So that x decimetre is, as nearly as possible, 4 inches ; and 1 decilitre, a trifle 
under 4 fluid ounces. 

(6) The English system.—In weights of precision, any amount above to 
grains is usually represented by a series of small brass cylinders, from 10 to 
tooo grains; then follow 6, 3, 3, 2, and 1 grain in platinum wire, and 
afterwards °6, *3, °3, ‘2, and ‘1 of a grain in platinum, or, more frequently, 
in aluminium wire. Quantities of less than 45 grain are weighed by a small 
rider of gold wire placed on the beam of the balance. The foundation of 
the English system is the inch. One cubic inch of distilled water, measured 
at 60° F. and 30 inches barometrical pressure, weighs 252°45 grains, or 
2524 grains nearly. There are 437°5 grains in an ounce, and 16 ounces 
(or 7000 grains) in a pound. Measure of capacity is obtained by weighing 
out ro lb. of water at 60° F. and 30 inches bar., when the whole measures 
one gallon. ‘The gallon is in turn divided into 8 pints (= 20 ounces, or 8750 
grains of water, per pint); the pint into 20 fluid ounces (= 437°5 graims 
of water per fluid ounce) ; the fluid ounce is divided into 8 fluid drachms 
(= 54°68 grains of water per fluid drachm) ; and, lastly, the fluid drachm 
is divided into 60 minims (‘91 grain of water in each minim). 
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II. SPECIFIC GRAVITY 


may be generally explained to be the ratio of the weight of one thing to the 
weight of an equal volume of something else taken as a standard. For liquids 
and solids the standard is distilled water at a temperature of 60° F. An acquaint- 
ance with the various cases which may occur in the taking of specific gravity 
is of great importance, as it forms an exceedingly ready method of testing the 
purity and strength of many substances. A knowledge of the specific gravity 
of the various bodies also enables the chemist to tell at once what any given 
volume of a liquid ought to weigh, or conversely, what size of vessel will be 
required to contain any given weight. The following are the chief varieties 
of cases which may occur in taking :— 
(A) Specific Gravity of Liquids. 

Case 1. To take the specific gravity of a fluid.—A small bottle of thin 
glass is procured, and counterpoised upon a balance. It is then filled with 
distilled water at 15°5° C. (60° F.), and the weight of the water thus introduced 
noted. The bottle, having been emptied and dried, is filled with the liquid 
to be tested, also at 15°5° C. (60° F.), and the whole is again weighed. By 
this means, having ascertained the weight of equal bulks of water and fluid, it 
only remains to divide the weight of the fluid by the weight of the water, and 
the quotient will be the specific gravity required. To make the calculation 
clear, observe the following examples :— 

A countérpoised bottle filled with distilled water weighs 100 grammes ; the same bottle 
filled with sulphuric acid weighs 184°3 grammes, then :-— 


Anas 1°843, the specific gravity of the acid. 


_ Again, the same bottle, carefully washed, and filled with rectified spirit, weighs 83°8 grammes, 
then :— . 


83° _ 338, the specific gravity of rectified spirit. 

In practice, bottles are sold with perforated stoppers, which, when entirely 
filled with the liquid, and the stopper dropped in, so that no bubbles of air 
are allowed to remain between the stopper and the liquid, exactly hold a 
given weight of water. A counterpoising weight for the empty bottle is also 
provided; so that there is nothing further to be done but simply to place 
the counterpoise in one scale, and the bottle, filled with the liquid under 
examination, in the other; and having ascertained the weight, to divide by 
the known weight of water for which the bottle was 
constructed. Fig. 20 shows an ordinary specific-gravity 
bottle. Fig. 21 shows a specific-gravity bottle the 
stopper of which is a thermometer, thus enabling us to 
observe the exact temperature of the liquid at the 
moment of weighing. 

Case 2. To take the specific gravity of a liquid by 
means of the hydrometer.—The hydrometer depends 
for its action on the theorem of Archimedes. Ifa solid 
body be immersed in a. liquid specifically heavier than 
itself, it continues to sink until it has displaced a bulk 
of fluid equal to its own weight, and then it becomes 
stationary. Suppose an elongated body with a weight 
at its base to cause it to float upright, which has a 
specific weight exactly half that of water, be immersed 
in that fluid, it will sink to exactly half its length, because its whole weight is 
counterpoised by a bulk of fluid equal to half its size. A hydrometer is a long 
narrow glass or metal tube with a bulb near the bottom filled with air, and 
another smaller bulb beneath containing a sufficient quantity of mercury to 
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weight it and cause it to float upright. There are two kinds of hydrometers : 
(1) for fluids heavier than water, and (2) for fluids lighter than water. The 
graduation of the former is performed by immersing the instrument in water 
and introducing such a quantity of mercury as will cause it to sink, so that 
only about one inch remains unsubmerged, and marking this point 1. The 
instrument is then plunged successively into several liquids heavier than 
water, the specific gravities of which are known, and the points to which 
it rises are marked and numbered. By this means a scale can be made 
between those points indicating any gravity from 1 upwards. In hydro- 
. meters for fluids lighter than water, the first sinking in that liquid is continued 
‘by weighing until only the upper bulb is immersed; and this point having 
been marked 1, the instrument is placed successively in known fluids lighter 
than water, the points to which it sinks marked, and by this means a whole 
scale is obtained. The method of using the hydrometer is readily 5 

seen from the illustration (fig. 22), in which a is the hydrometer, 
and B is a thermometer also placed in the liquid to show the 
temperature. Most hydrometers being made to indicate specific 
gravity at 15°5° C. (60° F.), it follows that the liquid must either 
be first brought to that temperature before using the instrument, 
or else the temperature employed must be noted, and a calculation 
made, based upon the coefficient of expansion of the liquid in 
question. SZ 

Syke’s hydrometer is used in England by the officers of excise, Fig, 22, 
to indicate the strength of spirituous liquors, and thus facilitate the 
collection of the revenue. It is a short brass instrument with the stem 
graduated from o to to, anda series of nine weights to place beneath the 
bulb. By observing (1) the temperature, (2) the weight put on, and (3) the 
point to which it sinks on the stem, and referring to a book of tables which is 
sold with the hydrometer, the strength of the spirit is ascertained. Another 
modification of the instrument is found in Zzadde//’s hydrometer, which is 
used in chemical works for testing the density of liquids having a greater 
specific gravity than water. It is so graduated that the reading of any indi- 
cated degree, multiplied by 5 and added to 1000, gives the specific gravity 
as compared with water. Specific gravity beads form the only other variation 
of the hydrometric idea. These are small loaded bulbs of known specific 
gravities, which are thrown into the liquid to be tested, when the number 
marked upon the bead, which just floats underneath the surface and shows 
no tendency to sink or rise, gives the specific gravity required. Hydrometers 
in any form must in accuracy rank considerably beneath that of the specific 
gravity bottle ; but in commercial operations, where an approximation only to 
correctness is required, these little instruments are invaluable. 

Case 3. To take the specific gravity of a liquid by weighing a solid 
body in it—Take the weight of a glass stopper, or other suitable plummet, 
by suspending it from the hook provided for the purpose in all balances of 
modern type (see fig. 18, page 94). Put a wooden stool (also provided with 
all modern balances) over the pan, and upon this place a beaker containing 
distilled water at 15°5°C. (60° F.). Let the plummet hang beneath the surface 
of the water and again weigh, and then empty out the water, substitute the 
fluid (also at 15°5° C. (60° F.) ), immerse the plummet as before, and once 
more weigh. By deducting respectively the weights in water and in fluid 
from the weight in air, we get the loss of weight sustained by the plummet in 
each case. It is evident that the lighter the liquid, the more the plummet 
will weigh ; therefore we divide the loss of weight in the fluid by the loss of 
weight in water, which will give the specific gravity of the liquid. This rule 
is now practically applied in all modern laboratories by means of the Westphal 
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balance (fig. 23). By this a small thermometer (A), adjusted to a counter- 
balancing weight (B), is placed in the liquid, and the loss of weight is restored 
by little rider weights placed on the beam, which are so contrived as to readily 
indicate the specific gravity without calculation. 


(B) Specific Gravity of Solids. 

CasE 1. To take the specific gravity of a solid body in mass which is 
insoluble in and heavier than water.—The method 
by which this process is conducted was suggested by 
a theorem attributed to Archimedes, which may be 
h thus expressed :—A solid on being immersed in a 
liquid is buoyed up in proportion to the weight of 
Ru the fluid which it displaces, and the weight it thus 
qu apparently loses is equal to that of its own bulk of 
; the liquid. A piece of the solid substance to be tested 
Fp is weighed, and is suspended by means of a fine 
Co A} thread from one arm of a balance so that it dips 
under the surface of a vessel containing distilled water 
at 15'5° C. (60° F.), when its weight is again noted. 
Its weight in water is deducted from its weight in air, and the weight in air 

is divided by the difference so obtained, which gives the specific gravity. 


Fig. 23. 


EXAMPLE. 
A piece of marble weighs. . ° . 30 »=©grammes. 
Immersed in distilled water . . E : 18°89 3 
Difference in weight . : - Illi fe 


By dividing 30 by 11°11 we obtain the quotient 27, which is the specific gravity of the 
marble. The practical arrangement has been already described above (Liguzds, Case 3). 


CasE 2. To arrive at the specific gravity of a powder which is insoluble 
in and heavier than water.—Weigh a portion of the powder in air, then 
introduce it into a counterpoised specific gravity bottle constructed to hold 
a known weight of water. Let the bottle be carefully filled with distilled 
water, gently agitating to insure that no minute bubbles of air shall remain 
attached to the particles of powder ; then weigh the whole. From the weight 
of the powder in air, p/us the known weight of water which the bottle should 
contain, deduct the weight obtained in the second operation, and divide the 
original weight of the powder by this difference. 


EXAMPLE.—2 grammes of a powder are weighed out, and poured into a counterpoised 
specific gravity bottle, constructed to hold 100 grammes of water. The bottle thus charged 
is found to weigh 101'2 grammes ; then— 


2 grammes + 100 grammes = 102 grammes. 
Weight of the bottle when charged i ance 
with powder and water “4 di 
: Difference. : 
Therefore, 2 grammes divided by ‘8 
powder. 


Case 3. To take the specific gravity of a substance in mass, insoluble in, 
but lighter than, water.—The difficulty met with in this case consists in the 
impossibility of weighing such a substance alone in water, because it floats on 
the surface of that liquid. It therefore becomes necessary to attach a piece 
of lead sufficiently heavy to sink it, and thus a complication is introduced. 
The light substance is first weighed in air in the ordinary manner, and is then 
attached to a sinker, and suspended from one arm of a balance under the 
surface of distilled water, when the combined weight of both is ascertained. 


“Sprit See t Bi, 
gramme will give 2°5 as the specific gravity of the 
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The light body is now detached, and the weight of the sinker alone in water 
noted. By these means we obtain the following data :— 


i. The weight of the light body in air. 
ii. The weight of the sinker in water. 
iii. The weight conjointly of the light body and sinker in water. 


We then deduct the weight of both in water from the weight of the sinker ir 
water ; add the weight of the light substance in air ; and divide the weight of 
the light body in air by the product so obtained. 


EXAMPLE. —A light substance weighs 12 grammes in air ; being attached to a piece of lead 
and weighed in distilled water the united weight amounts to 4 grammes, while the weight of 
the lead alone in water shows 5 grammes. Then :— 


Weight of lead in water ‘ 3 : 5 grammes. 
Weight of both in water. e . 4 
Difference . ° ; I gramme. 


Add weight of light body i inair . - 12 grammes, 


Sum. ; : e 2 : Pa Ge bare 


Dividing 12, the weight in air, by 13 obtained as above, we arrive at the decimal fraction 
"923 as the specific gravity of the light substance tested. 


Case 4. To obtain the specific gravity of a substance soluble in water.— 
Proceed exactly in the same manner as in Case 2 or 3, according as the body 
is in mass or in powder; but instead of water, use oil of turpentine or some 
other liquid in which the solid is insoluble. Having obtained the specific 
gravity of the substance by calculating just as if water had been used, multiply 
the result by the known specific gravity of the oil of turpentine or other fluid 
employed. 


EXAMPLE.—A lump of sugar weighing 10 grammes was found to weigh when immersed in 
oil of turpentine 4°562 grammes, Then— 


The weight of the sugar in air was __. cA 5O grammes. 
re as oil of turpentine * 4°562 we 
Difference . ‘ : i 5°438 ae 


Dividing 10 grammes by 5°438 grammes yields I 84 as the specific gravity, as if water had 
~ been used ; and by multiplying this result by °87, the specific gravity of oil of turpentine, we 
obtain 1°6 as the actual specific gravity of the sample of sugar operated on. 


Having thus considered in detail the various complications which may arise 
in taking the specific gravity of liquids and solids, it only remains to point out 
how the foregoing may be rendered subservient to commercial purposes. 


(C) Practical Applications of Specific Gravity of Solids and Liquids. 


Case 1. The specific gravity of a body being known, it is desired to as 
certain the weight of any given volume of the substance. Find the weight 
of the given bulk considered as water, and multiply this amount by the 
specific gravity. 


EXAMPLE i.—What would be the weight of a fluid ounce of oil of vitriol? We know that 
a fluid ounce of distilled water weighs 437°5 grains, and the specific gravity of oil of vitriol is 
1°843 ; so, if we multiply the former figures by the latter, we obtain 806°31 grains, which is 
the weight of a fluid ounce of this acid. 


EXAMPLE ii.—How much should a litre of chloroform weigh? The weight of a litre of 
water is 1000 grammes ; and by multiplying 1000 by 1°49, the specific gravity of the chloroform, 
we obtain 1490 grammes, as an answer to the question. 


EXAMPLE iii.— How much should a fluid ounce of pure ether weigh? The specific gravity 
is "72, and a fluid ounce of distilled water weighs 437°5 grains ; multiplying the one number 
by the other gives 315 grains. 
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Case 2. Given the weight of any known bulk of a liquid, to find its 
specific gravity.— Divide the weight by that of the given bulk considered as 
distilled water. 

EXAMPLE.—A pint of spirit weighs 16% ounces. Is it rectified or proof spirit? By dividing 


this weight by 20 ounces, the ascertained weight of a pint of distilled water, we obtain as an 
answer ‘838. We know, therefore, that the spirit thus tested must have been rectified. 


Case 3. To find the amount of solid matter, in grammes, present in 100 c.c. 
of a solution of given specific gravity. So far as any ordinary rule can be 
laid down, especially with regard to saccharine liquids, for which this calcula- 
tion is generally used, we multiply the gravity by tooo, and then, having 
deducted rooo from the product, we divide by 3°85. 

EXamPLe.—A saccharine solution has a gravity of 10114: how much solid matter in 
grammes does it contain in each c.c. ? 

II'4 


I‘OII4 X 1000 = IOII*4 — 1000 = II"4 3-85 2°961 grammes per 100 C.c. 


(D) Specific Gravity of Gases. 


Taking the density of gases and vapours involves many more complicated 
considerations than are required in the methods applicable to the specific 
gravity of liquids and solids. The standard adopted for such bodies is 
hydrogen, measured at a temperature of o° C. and a barometrical pressure 
of 760 millimetres (N.T.P.): 

When taking the specific gravity of liquids or solids, it is easy to obtain the 
water or other fluid required at the exact temperature necessary, by the use of 
cooling or heating appliances. With a gas we need exercise no such manipu- 
lation, because the coefficient of expansion of all vapours and gases is alike 
and well ascertained. The measurement of gases is therefore conducted 
without any attempt to modify these conditions ; but the indication of the 
thermometer and barometer being carefully noted at the time of the experi- 
ment, a simple series of calculations enables us to ascertain how much the 
volume of gas would have measured had the test been conducted at a standard 
of temperature and pressure. The following are specimens of such calcu- 
lations :— 

Correction of the volume of a gas for changes of temperature.—This is 
based on Charles’ law, which states that ‘“‘ the volume occupied by any given 
weight of a gas is directly proportional to its absolute temperature.” <Adsolute 


temperature means degrees above 273° C., which is the absolute zero of tem- _ 


perature. To convert degrees of ordinary temperature into absolute degrees, 
it is therefore necessary to add 273 to all degrees above zero, while degrees 
below o° are to be deducted from 273. From this law, given—z, the volume ; 
v', the required volume ; #, the given adso/ute teinperature ; and 7“, the required 
absolute temperature ;—we employ the following calculations :— 

MS =v, and @ Xf _y, 

t v 
Correction of the volume of a gas for changes of pressure.—The law of 

Boyle states that “the volume occupied by any given weight of a gas is 
inversely proportional to the pressure.” Therefore, # being the given pressure, 
and 7’ the required pressure, we have— 

pre =v’, and 2X? — » 


, 


When a gas is measured it is generally necessary to correct for both con- 
ditions, and then we employ double proportion. ‘The following formule will 
be found useful as meeting all ordinary cases :— 
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(1) Wanted the change of volume resulting from a given alteration of 
temperature and pressure :-— 
p had t xv as v’. 
pxt 
(2) Wanted the change of temperature resulting from a given alteration 
of volume and pressure :— 
pxXUxXt_ ? 
pxrxv ‘ 
(3) Wanted the change of pressure resulting from a given alteration of 
volume and temperature :— 
XE XS fe p'. 
vxt 
(4) To find the volume at N.T.P. of any gas measured at a given 
temperature and pressure (the temperature being above o°) :— 


p X 273 Xv =sie/ 
? X (273 + given temp.) 
Or, in a decimal fraction (d¢ = difference between o° and given 
temperature) :— 
ar eae 
p X (1 + 003665 a) 

The manner in which the specific gravity of a permanent gas was formerly 
obtained was by exhausting a thin glass globe by means of the air-pump and 
weighing it; then filling it with air at known temperature and pressure, and 
weighing ; and lastly, pumping out the air, filling the globe with the gas ata 
similar temperature and pressure, and again weighing. After deducting the 
weight of the empty globe from each of the two latter weights, the weight of 
the gas was divided by that of the air. 

Now, however, in modern laboratories all that is practically done away with, 
and the standard taken for the density of gases and vapours is hydrogen ; 
because (1) it is the lightest known gas, and (2) we know the weight of any 
given volume of it without the necessity of weighing each time. ‘Therefore, 
to take the density of a gas or vapour we weigh a given number of cubic 
centimetres of the gas, noting the temperature and pressure at the moment 
of .weighing, and having corrected the volume so obtained to N.T.P., we 
divide this by the weight of the same number of c.c. of hydrogen. A litre of 
hydrogen at o° C. and 760 mm. bar. weighs ‘o896 gramme; therefore each 
c.c. of H will weigh ‘oo00896 gramme. 


(Z) Vapour Density. 

After finding the’ percentage composition of substances by analysis, and 
from that calculating an empirical formula (which is done by dividing the 
percentage of each element by its own atomic weight, then, taking the lowest 
of these answers as unity, dividing all the others by it and expressing the 
mutual ratios in the simplest full numbers), it is necessary to prove whether 
the sum of such formula is the true molecular weight. Upon the theory that 
all molecules occupy a space double that of an atom of hydrogen, we can 
prove our case by taking the hydrogen density of the substance in vapour (if 
volatile), and then such vapour density x 2= the true molecular weight. 
This research acts as a check upon our formula obtained by analysis, and 
may or may not lead to our having to multiply it until its sum equals the 
required weight thus found. 
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. (a), Meyer’s Method.—This is the simplest and most rapid process. The 
apparatus used is illustrated in fig 24. The inner tube (a) is closed with 
a cork and arranged so that its bent delivery tube just dips under the 
surface of mercury contained in a trough. Any suitable liquid, boiling at a 
higher temperature than the body of which the density is to be taken, is 
placed in the outer tube (B), and heat being applied so as to boil the fluid, 
the air in the inner tube expands and passes off through the mercury. 
When bubbles of air cease to pass, some water is poured upon the 
L. surface of the mercury, and a graduated gas collecting tube, filled 
i & with water, is inverted over the delivery tube. A known weight of 
the substance, enclosed in a specially made minute stoppered bottle, 
is then introduced into the inner tube (a) by rapidly raising the cork, 
dropping the bottle in, and instantly closing. The vapour produced 
now displaces an equivalent volume of air, which passes into the 
measuring tube. When action ceases, the cork is opened to prevent 
back suction, and the air in the tube is measured, noting tempera- 
ture and pressure. This volume in c.c. when corrected to N.T.P., 
and multiplied by ‘0000896, gives the weight of a volume of hydrogen 
equal to that of the vapour, and lastly, by dividing the weight of the 
substance taken, by this calculated weight, we obtain the vapour 
density. ‘The coefficient of expansion of all gases being practically 
Fig. 24. equal, it is evidently the same thing whether we measure a volume 

of actual vapour at a given temperature, or that of an equivalent 
volume of air displaced by it at the same temperature. Such a minute 
quantity of the substance must be taken as shall not, when in vapour, more 
than displace the air contained in the inner tube of the apparatus (which 
should hold about roo c.c.), otherwise the whole process manifestly fails. As 
the gas is collected over water it is necessary to refer to a table of the tension 
of aqueous vapour at the temperature of measuring, and to deduct it from the 
observed height of the barometer, before correcting to N.T.P. 

(2) Dumas’ Process.—A thin, clean, dry glass globe, about three inches in 
diameter, is employed. Its neck having been drawn out to a fine tube in the 
blowpipe flame, it is weighed, and the temperature and pressure noted. By 
gently heating the bulb and dipping the open end into the volatile liquid, a 
suitable quantity is drawn into the globe by the contraction of the air. 
Attaching a handle by means of wire, the sphere is plunged into an oil bath 
furnished with a thermometer, and is then heated somewhat above the volati- 
lising point of the contained liquid. When all vapour has ceased to issue 
from the globe, the orifice is hermetically sealed, and the temperature and 
pressure again noted. The apparatus is allowed to cool, separated from 
the handle, cleansed, weighed, and the weight noted. The last step is 
to break off a fragment of the neck beneath the surface of a sufficiency of 
mercury, when, should the experiment have been carefully performed, the 
liquid enters the globe, completely filling it, and the capacity is ascertained 
by emptying its contents into a graduated glass measure. Supposing the 
experiment to have been perfectly successful, we have the following five 
data :— 


. Weight of globe filled with air. 

. Temperature and pressure at the time of weighing. 
. Weight of globe p/us vapour. 

. Temperature and pressure at sealing. 

. Capacity of the globe. 


nab wD 


Proceeding from these data, the first point is to find the actual weight of 
the globe. This is done by calculating the capacity of the globe from the 
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temperature and pressure at the time of weighing to o° C. and 760 mm. bar., 
and then multiplying the true volume thus found by ‘oorzgs, which is the 
weight of a cubic centimetre of air (1 litre at o° C. and 760 mm. bar.=1'295 
gramme). Having thus obtained the weight of the air, it is deducted from 
the weight of globe and air, and the difference gives the true weight of the 
globe ; and by deducting this latter from the weight of the globe /us vapour, 
we obtain the actual weight of the vapour. But as this weight is that of the 
volume of vapour at the temperature and pressure at the moment of sealing, 
it must be corrected to standard temperature and pressure, and the weight of 
an equal volume of hydrogen ascertained. ‘To do this, the capacity of the 
globe is once more put down, and reduced from the temperature and pressure 
at sealing to o° C. and 760 mm. bar., and the resulting volume is multiplied 
by ‘0000896, which is the weight of 1 cubic centimetre of hydrogen. The 
product, which gives the actual weight of an equivalent volume of hydrogen, 
is then taken, and divided into the weight of the vapour already found, and 
the answer is the density. 


(7) Note on Weights and Measures. 

The American Pharmacopceia has entirely discontinued the use of any 
weights and measures except those of the metrical system, and the spelling of 
the terms has been Anglicised thus :— 

gramme to gram, abbreviated to Gm. 

litre to Zéter Pe ,;, lit. or 1000 Ce. 

cubic centimetre to cudzc centimeter, abbreviated to Ce. 
These abbreviations, being very convenient, will be employed in the following 
chapter on Volumetric Analysis, so that students may become accustomed to 
both systems of spelling and abbreviation. __, 


Chari en Mike 


VOLUMETRIC QUANTITATIVE ANALYSIS. 


I, INTRODUCTORY REMARKS. 


VOLUMETRIC analysis is that in which the quantity of any reagent required to 
perform a given reaction is ascertained, and the amount of the substance acted 
upon is found by calculation. The process of adding the reagent from a 
graduated measure is called titration. 

(A) Volumetric or standard solution is a solution of definite strength, made 
by dissolving a given weight of a reagent in grams in a definite volume of 
water in cubic centimeters. Such solutions are usually made on the following 
principles :— 

The theoretical normal solution is an imaginary one, containing 1 Gm. of 
hydrogen in 1 liter (1000 Cc.) of water, and a normal solution of any reagent 
is such a weight of the substance in Gm. (also 1 liter of water) as is 
capable of combining with, displacing, or otherwise performing a chemical 
function equal to that of 1 Gm. of hydrogen. This weight is termed the 
equivalent of the reagent, and it is ascertained as follows :— 

(a) Ine reagent is an element. We divide the atomic weight of the 
element by its valency. Thus— 

H’ = 1, Cl’ = 35'5, Br’ = 80, I’ = 127, O” = 8, etc. 

(2) The reagent is an acid or an alkali. We divide the molecular 
weight by the active combining power, as shown by the number 
of atoms of displaceable hydrogen in acids, and by the valency 
of the base in alkalies :— 


Name. Formula. Equivalent. 
Hydrogen ‘ . . oo pate = I 
Hydrochloric acid. A 5 ELSA = 36°37 
Sulphuric acid . ; ; . HSO,+2 = 48'oI 
Citric acid ; 5 ‘ . H,C,H;0,H,O ~ 3 = 69°83 
Sodium hydroxide . . st Natio = 39°96 
Calcium hydroxide . » . Ca(HO),—2 = 56°37 
Potassium carbonate. . . K.CO,—2 = 68°95 
Potassium bicarbonate. REGO; = 99°88 


(c) Zhe reaction ts a special one, depending on a particular action. We 
divide the molecular (or atomic) weight of the reagent by its 
combining power, as shown in the equation. For example, 
taking the case of the action between iodine and arsenious 
acid, we find the equation :— 

As,O, + 21, + 2H,O = As,O; + 4HI. 
Each atom of iodine being equivalent of one of hydrogen, it 
follows that each H would equal } of AsgO3; therefore a normal 
solution of that body would be 198 + 4 = 49°5 Gm. per liter, 
and would exactly decolorize 1 atomic weight (= 127 Gm.) of 
iodine. 
104 
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The following abbreviations are used to express the strength of standard 
solutions :— 
N = a normal solution having 1 equivalent weight in Gm. per liter. 
to = a decinormal solution having 5 equivalent weight in Gm. per liter. 
Tov =a centinormal a4 whe ak. 8 re *\: 


(B) An indicator is a substance added to enable us to ascertain, by a 
change of color (or other equally marked effect), the exact point at which a 
given reaction is complete. 

The principal indicators employed are prepared as follows :— 


(1) Indicators for estimating acids or alkalies. 


(a) Litmus indicator. Boil powdered litmus in alcohol of ‘82 sp. gr. 
repeatedly till no more red color is extracted, and then digest 
the residue in an equal weight of cold distilled water. Pour or 
filter off, and then boil the blue powder remaining in 5 times 
its weight of distilled water ; filter and preserve the filtrate in 
a bottle stoppered with a loose plug of cotton, so that air 
is admitted, but dust excluded. This indicator is blue with 
alkalies and red with acids, and is affected by all acids, includ- 
ing COs. It therefore does not give a reliable indication 
with alkaline carbonates unless the COz is expelled by boiling. 

(2) Phenol-phthalein indicator. Make a1 per cent. solution of phenol- 
phthalein in diluted alcohol of ‘937 sp. gr., ze. 1 Gm. in 
100 Cc. This solution is red with alkalies, and colorless with 
acids. It is not suitable as an indicator with ammonia or 
alkaline bicarbonates. 

(c) Rosolit acd indicator. Dissolve 1 Gm. rosolic acid (or the com- 
mercial dyes known as pewonin or aurin R) in 10 Cc. diluted 
alcohol, and make up to 100 Cc. with distilled water. This 
solution gives a violet-red with alkalies, and a yellow with acids. 
It is specially useful in the estimation of alkaline ammonia salts. 


(@) Methyl-orange indicator. Dissolve 1 Gm. of methyl orange (or the 
- commercial dyes known as helianthin, Poirrier’s orange 3P or 
tropeolin D) in 1000 Ce. of distilled water. Into this carefully 
drop diluted sulphuric acid till the liquid turns red and just 
ceases to be transparent, and then filter. This solution is 
yellow with alkalies and red with mineral acids, but is not 
affected by CO: or boric acid, so that it is the best indicator 
for the analysis of alkaline carbonates and borax. It cannot, 
however, be used with oxalic acid or organic acids generally. 

There are many other indicators, but the above are those really most 
generally useful in acidimetry or alkalimetry. 

Note.—The U.S.P. gives a very suitable warning as to the above See ai shy which is 
worthy of being quoted in full. It says: ‘* Each test-solution used as zmdicator should be 
examined as soon as prepared, and afterwards from time to time, as to its neutrality. If 
necessary, it should be brought, by the cautious addition of diluted sulphuric acid, or of a dilute 
solution of an alkali, to such a point that, when a few drops of it are added to 25 Cc. of 
water, a single drop of a centinormal acid or alkali, respectively, will distinctly develop the 


corresponding tints. Since many of the colored test-solutions are injured by exposure to 
light, it is best to preserve them in dark amber-colored vials.” 


(2) Indicators for special purposes. 


(a) Starch mucilage. Mix 1 Gm. of starch (arrowroot is preferable) 
with 10 Cc. of cold water, and then add enough boiling water, 
with constant stirring, to make about 200 Cc. of a thin, 
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transparent jelly. ‘To preserve this solution for any length of 
time, 10 Gm. of zinc chloride should be added to ityand the 
solution transferred to small bottles, which should be well 
stoppered. It is used for the detection of free iodine, with 
which it strikes a dark blue. 

(2) Potassium chromate solution. Dissolve 10 Gm. of pure KeCrO,4 
in 100 Cc. of water, then carefully drop in dilute solution of 
argentic nitrate till a slight red turbidity is produced, let settle, | 
and pour off into a stoppered bottle. This solution gives a red : 
precipitate with AgNOs, but zo¢ until any chloride, bromide, : 
iodide, or cyanide present has entirely combined, with the silver. 

(c) Potassium ferricyanide solution. Dissolve 1 part of potassium | 
ferricyanide in about ro parts of water. This solution must 
be made freshly when required, as it is rapidly decomposed . 
by light. The freshly prepared aqueous solution, when mixed | 
with some ferric chloride solution and diluted with water, must 
show a brown tint, free from turbidity or any shade of green. | 


(C) The apparatus specially employed in volumetric analysis. 


1. Zhe measuring flask, so constructed as to hold a definite amount of 
fluid (say 1000 or 100 Cc.) when filled up to the mark on the 
neck (fig. 25). 


oe 
ws. 
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Fig. 25. Fig. 26. Fig. 27. Fig. 28. 


2. Zhe test mixer, a cylindrical vessel, to hold 1 liter of fluid graduated 
in measures of 1o Cc. each (fig. 26). 

3. Zhe burette, a graduated tube, usually containing roo Cc. and 
graduated in divisions of 1 Cc. (or 50 Cc. in ;4, Cc.), for con- 
taining and delivering the standard solution. This is fitted 
with a clamp or stopcock at the bottom, which, when pressed 
or turned, allows the contained liquid to run out at any 
regulated speed desired. It should also be furnished with an 
appliance called “‘ Erdmann’s float,” which enables us to read 
the quantity of fluid delivered more accurately. (Fig. 27 
shows two burettes in their stand as usually employed.) 

4. The pipette is an instrument graduated to dediver a fixed volume of 
liquid (say 10, 20, 50, or 100 Ce.). Fig. 28 shows a set of such 
instruments arranged in a convenient stand. 
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(D) Weighing operations. The student should have a ¢ared watch-glass 
for weighing out solids and a small stoppered bottle for weighing volatile 
liquids. By carefully keeping these much trouble is saved. 


(1) Zo weigh a solid. Place the tared glass on the scale, and put on 
it what is judged to be a sufficient quantity of the article to be 
weighed, then weigh the whole and note the weight thus :— 


Glass + substance . ' : : - 5°632 Gm. 
Known tare of glass ; ; : Ppl py © y Teatas 
Weight taken for analysis : ‘ 24,7500 +45 


(2) To weigh a volatile liquid. Fill the small stoppered bottle with the 

liquid and weigh ; pour out what is judged to be sufficient into 
the flask containing the indicator, replace the stopper and again 
weigh, noting each weight at the time thus :— 


Total weight of bottle + fluid . : . 20°982 Gm. 
Weight of bottle + fluid after pouring out 15°482 


> 


Weight of fluidtaken. ‘ F ea 5800s ! 53 


Note.—It is most important always to take the weights directly down in a note-book 
from the balance, and to cultivate the habit of a/ways replacing the weights 
in their proper holes in the weight box when finished. This enables us to 
have a double check—(1) from the weights in the pans, and (2) from looking 
at the empty holes in the weight box. In weighing brass weights are used 
from 50 to 1 Gm. ; flat platinum weights from °5 to ‘or Gm. ; and the rider 
on the beam is used for milligrams (z.e. ‘009 to ‘oo1). Before weighing, 
see that all the weights are in their right places in the box. At the conclu- 
sion of the weighing, read off the weights and put them down ina note-book, 
and then check that reading by putting them back into the box, looking, as 
you do so, at the note already made. Always close the case of the balance 
before using the rider, so as to prevent currents of air affecting the weight. 

(Z) General modus operandi. A known weight of the substance to be 
analyzed is accurately weighed, and, having been placed in a flask, and dissolved 
in, or diluted with, water (if necessary), the indicator is added, and the standard 
solution of the reagent is dropped in from a burette until the desired effect is 
produced. ‘The number of Cc. of standard solution used having been noted, 
it is multiplied by the “ Cc. eguzvalent” of the substance analyzed. 

Suppose, for example, we desire to ascertain the purity of a sample of 
sodium hydroxide, and, having weighed out 1 Gm., we find that 24 Cc. of 
standard normal oxalic acid were required for exact neutralization. Normal 
oxalic acid is 62°85 Gm. per liter, or 06285 in each Cc., and by the equation 
we find— 


H,C,O, . 2H,O + 2NaHO ard Na,C,0, ss = 4H,0O. 
—_—_—_—_ cae! 
2)125°7 2)79°92 
62°35 39°90 = 39°96 Gm. of NaHO, equivalent to 62°85 Gm. acid. 
_ The normal /iter eguivalent of NaHO is therefore 39°96, and the normal Cz. 


equivalent is 39°96 + 1000 = ‘03996; therefore each Cc. of acid used will 
represent ‘03996 Gm. of soda. ‘Then— 


24 X °03996 = ‘95904 Gm. of real NaHO in the 1 Gm. weighed out for analysis. 
Lastly— 


Asch ee = 95°904 per cent. real soda in sample. 
Expressing the above in rules to commit to memory, we have the follow- 
ing steps :— 
I. Write out the equation and reduce the first side of it to normal 
equivalent weights. 


108 VOLUMETRIC QUANTITATIVE ANALYSIS. 


II. According to the strength of the standard solution employed, 
divide the normal equivalent of the substance under analysis 
by 1000 (for normal solution), 10,000 (for decinormal), etc., 
thus getting the “Ce. equivalent.” 

III. Multiply the number of Cc. of standard solution used from the 
burette by the Cc. eguivalent of the substance analyzed, thus 
getting the actual amount of such substance in the quantity 
weighed out for analysis. 

IV. If percentage be required, multiply the last result by too, and 
divide by the weight taken for analysis. 

(/) The quantity of the substance to be weighed out for analysis. Two 
considerations are to be kept in view, viz. :— 

(a) The smaller the weight operated on, the greater will be the 
multiplication of any error in the final result. 

(6) On the other hand, the weighing out of an amount of substance 
that will take more than one buretteful of the standard solution 
is to be deprecated as a source of error. 

The point is to steer a judicious middle course, and this can al:vays be 
done by considering the equation, reducing it to normal or decinorinal, etc., 
equivalents, as the case may be, and then seeing how much will be required 
to take a reasonable number of Cc. of the standard solution, supposing the 
substance to be pure. 

Thus taking the equation already considered, 

H,C,0,.2H,O + 2NaHO = Na,C,O, + 4H,0, 
\ e-em? 


—~_ 
2)125°7 2)79°92 
62°85 39°96 


it is evident that (roughly speaking) 40 Gm. of soda would take 1000 Cc. of 
normal acid, and vice versd. If therefore we are using a 50 Cc. burette, we 
evidently must weigh out somewhat /ess than 
. 63 — 20 = 3°15 oxalic acid 
40 — 20 = 200 sodium hydrate 
for titration by 50 Cc. of a normal solution. 

In many cases the after-calculation may be altogether saved by weighing 
out a previously determined quantity, so that the number of Cc. of standard 
solution used will at once give the percentage. This idea is conveniently 
exemplified in the determination of iron in salts thereof. The normal equiva- 
lent of iron is (roughly speaking) 56, and the solutions employed in its esti- 
mation are usually decinormal, thus giving a liter equivalent of 5°6, and a Cc. 
equivalent of ‘oo56. If therefore we were to weigh out °*56 of iron, it is 
evident that each Cc. of a decinormal solution of a reagent for estimating 
it would represent ;3, of *56 or 1 per cent. Similarly, if we take 56 of any 
ferrous salt (containing one atom of iron in each molecule), each Cc. of 
the volumetric solution will represent 1 per cent. of iron present. Supposing 
the percentage of iron to be small (as in Lig. ferri perchlor.), we would take 
double the quantity or 1:12 Gm., and then each Cc. would equal *5 per cent. 
of iron. 

The rule may be thus stated for all titration: Calculate the Cc. equivalent 
of the substance you desire to estimate, taking into consideration the standard 
of the solution you are using (¢.e. normal, decinormal, etc.), and, having 
multiplied by 100, weigh out this quantity for analysis. Then each Cc. of 
your solution used from the burette will = 1 per cent. of real substance in 
the quantity weighed out, and fractions of a Cc. = similar fractions of 1 per 
cent. When it is not desired to use a larger burette than 50 Cc., only 50 
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times the equivalent should be weighed, and then every ‘5 Cc. = 1 per cent. 
With very accurate 10 Cc. burettes graduated in 4, Cc. only 10 times the 
equivalent may be weighed, and then each ,;45 Cc. = 1 per cent.; but, as 
before stated, the delicate work in this respect leads frequently to error. 

(G) Precautions in direct titration. The standard solution may be added 
at first from the burette to the liquid analyzed at the rate of about °5 Cc. 
at a time, and the liquid should be stirred or agitated after each addition. 
When it is seen, by the effect on the indicator, that the desired point is 
approaching, the standard solution should be added more carefully, and 
finally, at the rate of a single drop at one time, till the effect is obtained. 
The placing of a white porcelain slab, or a sheet of white paper, under the 
vessel containing the solution to be analyzed, helps us to see the changes in 
color more accurately. ll titrations are better done in flasks, the contents 
of which can be readily agitated by holding the neck, and giving a circular 
movement from the wrist between each addition of the standard solution 
from the burette. 

(AZ) Residual titration. This method is employed when the indication 
of the completion of a reaction is not easily seen. It consists in adding a 
definite excess of the reagent, and then, by means of another volumetric 
solution which gives a precise indication, ascertaining the amount of the 
reagent remaining uncombined. This residue, deducted from the total 
amount of original reagent added, will manifestly leave a difference due to 
the actual amount of that body taken up in performing the reaction. Sup- 
posing, for example, we are analyzing a body (W) by finding how many Ccs. 
of a volumetric solution (S) would be required to be added until no more 
precipitate forms, but that this exact point is difficult to see. We therefore 
choose another volumetric solution (Se), that will exactly neutralize S in 
presence of an indicator giving a definite change of color when the reaction 
is complete. To W we add, say, 50 Cc. of S (taking care that this amount 
is more than sufficient to entirely precipitate W), and, having added our 
indicator, we titrate with So, of which we will suppose we used 10 Cc. Then 

50S — 10S, = 40 Cc. S, required for the original precipitation. 


And lastly — 
40 X the ‘‘Cc. equivalent’’ of W = the weight of real article present in the amount 
thereof weighed out for analysis. ; 
faving thus given a general idea of the mode of working, we now com- 
mence to practise with the chief standard solutions as follows. 


II. STANDARD ACID SOLUTIONS (Alkalimetry). 


The standard acids usually employed in volumetric analysis are thus 
prepared and used. 


(A) Preparation. 
(I.) WORMAL OXALIC ACID. 
Strength :—H2C204.2H2O = 125°7 + 2 = 62°85 Gm. per liter. 
(Usually rounded off as 63 Gm.) 


This is made by powdering some /wre oxalic acid, pressing it between the 
folds of blotting-paper (to remove any chance moisture), and weighing out 
exactly 62°85 Gm. in a tared beaker. The powder is then washed out with 
distilled water from the beaker into the liter measuring flask, which is nearly 
filled with water and slightly warmed to aid solution. When all is dissolved, 


110 VOLUMETRIC QUANTITATIVE ANALYSIS. 


more water is poured in till the solution arrives at the mark in the neck of 
the flask, and finally the whole is cooled down to 60° F., and is once more 
exactly made up to the line with water. 

NVote.—The acid used must leave no residue when heated to redness on platinum foil, and 
1 Gm. must be entirely soluble in 14 Cc. of distilled water at 15°C. Should it not answer 
these tests it must be purified as follows:—Shake up 100 Gm. of the impure acid with 
1 liter of water until saturated, and filter. Evaporate the filtrate down to 750 Cc., and let it 
cool and crystallize. Pour off from the deposit and again evaporate to crystallizing point, and 
set it to crystallize. stirring occasionally to prevent the formation of large crystals. Finally 
drain the crystals, dry them on blotting-paper, and preserve in a well-stoppered bottle. 


(II.) DECINORMAL OXALIC ACID. 
Strength :—6'285 (6°3) Gm. per liter. 


Take 100 Cc. of the normal acid, wash into a liter flask, and make up to 
the mark with distilled water. 


(III.) WORMAL SULPHURIC ACID. 
Strength :—H SO, = 97°82 + 2 = 48°91 Gm. per liter. 
(Usually rounded off to 49 Gm.) 


Mix 30 Cc. ordinary strong sulphuric acid (98 per cent.) with goo Cc. of 
distilled water, let it cool to 15° C., and then make up to 1050 Cc. This 
rough acid is then to be standardized as follows :— . 

(a) With normal alkali. Put 10 Cc. of the rough acid in a flask, add a 
few drops of phenol-phthalein, and run in normal solution of KHO or NaHO 
until a faint permanent pink is produced. Note the number of Cc. of 
normal alkali used, multiply by roo, and dilute 1000 Cc. of rough acid to 
this amount. Example ro Cc. rough acid took 11°2 Cc. alkali; then 1000 Cc. 
acid are to be diluted to 1120 Cc., and 50 Cc. of this should exactly neutralize 
50 Cc. of normal alkali. 

(6) With pure anhydrous sodium carbonate (in the absence of reliable 
normal alkali). Weigh out 2°6463 (2°65) Gm. pure sodium carbonate, and 
dissolve in water in a flask; add a few drops of methyl orange, and run in 
the rough acid from a burette till the yellow changes to pink. Note the 
number of Cc. used, and then put 20 times this amount into the test mixer, 
and make up to 1 liter with water. 

Note.—Pure Na,CO, is best made by packing a percolator with good sodium bicarbonate, 
and percolating with distilled water until the fluid, passing through, gives no reaction with 
AgNO, or BaCl,, after acidulating with HNO, and HCl respectively. The contents of the 


percolator are then dried and heated to redness, and the residue saved as ‘‘ chemically pure 
Na,COsg for standardizing acids.” 


(IV.) DECINORMAL SULPHURIC ACID. 
Strength :-—4°891 (4°9) Gm. per Liter. 


Put 100 Cc. normal sulphuric acid into a liter flask, and make it up to the 
mark with distilled water. 


(V.) NORMAL HYDROCHLORIC ACID. 
Strength :-—HCl = 36°37 Gm. per liter. 
(Usually rounded off to 36°5 Gm.) 


Make up 130 Cc. of ordinary 32 per cent. acid to 1 liter with distilled water. 
This makes a rough acid rather too strong, which is standardized as follows :— 
(2) With normal alkali. Put 10 Cc. rough acid into a flask, and titrate 
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with normal alkali as above directed for sulphuric acid. Note number of Cc. 
alkali used, multiply by 100, and make 1ooo Cc. of acid of equal strength. 
Supposing ro Cc. rough acid took 11 Cc. normal alkali, then— 
1000 X 10 
II 


50 Cc. of this acid should then exactly neutralize 50 Cc. of normal alkali. 


(4) With crystallized calcium carbonate (in the absence of reliable normal 
alkali). 


= 909'1 Cc. rough acid to be made to 1 liter, 


CaCO, + 2HCl = CaCl, + CO, + H,O. 
Seeger 1 Sere eeemet? 


2)99°'76  2)72°74 
4988 = 3637 

Therefore 1 liter of normal acid should dissolve 49°88 Gm. of CaCOs, and 
50 Cc. would therefore dissolve 2°494 Gm. (or rounded off to 2°5). 

Weigh out 3 Gm. of broken (but not powdered) cad-spar in a small tared 
beaker, and run on 50 Cc. of rough acid. Whenall action has ceased, pour off, 
wash by decantation with cold water, and then pour off, close, and dry the 
beaker and contents by spontaneous evaporation in a warm place. Weigh 
and deduct from original weight ; difference equals CaCQO3 dissolved. Sup- 
posing that this difference be 2°75, then :— 


2°75 — 25 = "25; 
therefore the acid was zo too strong, and requires diluting accordingly. 


(VI1.) DECINORMAL HYDROCHLORIC ACID. 
Strength :-—3'637 (3°65) Gm. per liter. 
Dilute 10 Cc. normal acid to 100 Cc. with distilled water. 


(B) Estimation of Alkaline Hydroxides and Borax. 


Any of the standard acids may be used for this purpose, but, if normal 
acid be employed, sulphuric is preferable, especially in winter, because normal 
oxalic tends to crystallize in cold weather. A proper weight of the alkali having 

been taken and dissolved, or if in solution diluted, a few drops of solution of 
 phenol- -phthalein are added, and the acid is run in from the burette until the 
red color is just discharged. The addition of the acid is made at the rate of 
about 4 Cc. at a time (with constant agitation after each addition) until the 
color shows signs of lightening, then the acid is added in 54, of a Cc. until 
the color disappears. With ammonia rosolic acid is used as indicator, and 
the acid added until the red turns yellow. For borax use methyl orange. 

The following table shows the convenient quantities to weigh, the indicator 
to use, and the equivalent weight of the substance for each Cc. of normal 
acid used :— 


Gm. to Accurate Approximate 


Name and formula. weigh, Indicator. equivalent. equivalent. 
Strong ammonia solution NH, - 1°7. . Yrosolicacid . e SOEJOE (SOR 
Dilute a a4 Ge yi 9 7 : 4 JOL7OL A aeOry 
Solution of potash KHO . .« 28°0 . phenol-phthalein . ‘05599 . ‘056 

ag Soda INALIO..« ie (oo ae me a: "03000: 5 "OAD 
Potassium hydroxide KHO Sr OrgOn a be «05500 »-. "O56 
Sodium FS NaHO of AO 5 x - °03996 . ‘040 
Spirit of ammonia NH, . ic) AOS oo FOSOHC ACIG: -» Ser OLZOR. SORT 
Borax Na,B,O,;. 10H,O z 2S rones ehitmus * : "19046. ‘IQI 


The following are typical equations of the chief reactions :— 
(a) Liguor ammonia fort. and liquor ammonia. 
H,SO, + 2NH, . H,O = (NH,),SO, + 2H,0. 
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(2) Potassium hydroxide or sodium hydroxide or their solutions. 
H,SO, + 2NaHO = Na,SO, + 2H,0. 
H,SO, + 2KHO = K,SO, + 2H,0. 
(¢) Metallic sodium (thrown on water, and the resulting solution of NuaHO 
titrated with phenol-phthalein as indicator). 
Na, + 2H,O = 2NaHO + H,,. 
H,SO, + 2NaHO = = Na,S0, 4+ 2H,0. 
Therefore H,SO, = Na,,. 
{d@) Borax (with methyl orange). 
H,SO, + Na,B,O, .10H,0 = Na,SO, + H,B,O, + 10H,0. 


(C) Estimation of Alkaline Carbonates. 


By titration with normal sulphuric acid, with methyl orange as the indicator, 
because the COz given off does not affect this indicator. The acid is added 
till the color just changes from yellow to pink. The change is better seen 
when a very small quantity of the methyl orange is used, just sufficient to 
tinge the liquid pale yellow. For ammonium carbonate use rosolic acid. 

Note.—Alkaline carbonates may also be titrated with standard oxalic acid and litmus 
indicator, provided the process is conducted in a boiling solution so as to drive off the CO, 
evolved, but no practical analyst now thinks of using this method when standard sulphuric 
acid is available. 

The following table shows the convenient quantities to weigh, the indicator 
to be used, and the equivalent of the substance for each Cc. of normal acid 
expended :— 


Acc i 
Name and formula. paertg Indicator. poeivaicer: ‘ana 
Official carbonate of ammonia 
N,H,,C,0O, . . 2613. rosolic acid - '05226 > ORS 
Lithium carbonate TACO; : - ‘500 . methyl orange . ‘036935 . ‘037 
Potassium bicarbonate KHCO, ¢  TSOO0 ss - 09988 «. “203 
Potassium carbonate K,CO, O00” As 6 - *068955 . ‘069 
Sodium bicarbonate NaHCO, SORES Ee a - 708385 . 2084 
Sodium carbonate (anhydrous) . 17000... = 052925. «053 


The following are typical equations for the chief reactions involved :— 
(a) Crystallized sodium carbonate. 
H,SO, + Na,CO,. 10H,O = Na,SO, + CO, + 11H,0. 

(b) Dried sodium carbonate. 

Similar equation without the H,O on each side. 
(0) Sodium bicarbonate. 

H,SO, + 2NaHCO, = Na,SO, + 2CO, + 2H,0. 
(@) Potassium carbonate. 
H,SO, + K,CO, = K,SO, + CO, + 2H,0. 

{e) Potassium bicarbonate. 

H,SO, + 2KHCO, = K,SO, + 2CO, + 2H,0. 
(/) Commercial “ carbonate of ammonia.” 

3H,SO, + 2(N,H,,C,0;) = 3(NH,).SO, + 4CO, + 2H,0. 


(D) Estimation of Organic Salts of the Alkalies. 


Organic salts of potassium, sodium, or lithium are examined by weighing 
out the salt in a platinum or porcelain crucible, and then heating to redness 
in contact with the air until all is perfectly charred. The crucible is now 
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cooled, and its contents dissolved in boiling water and filtered into a flask, 
and the filter washed with boiling water until the washings do not affect red 
litmus paper. The contents of the flask are then colored by methyl orange 
and titrated with standard sulphuric acid, in the manner described above for 
alkaline carbonates. The ignition causes the conversion of the organic salt 
into an alkaline carbonate. 

The following table shows the best quantities to weigh out, and the 
equivalent weight of the substance for each Cc. of normal acid used :— 


Gm. to 
Name and formula. oan.” ‘halted.’ Eevee 

Lithium benzoate LiC,H;O, . ‘ : eM 39 Nace adil yr 6 Pea Y - 

» Citrate Li,C,H,O, . . ; : - T0000 . ‘0698566 . ‘07 
» salicylate LiC,H,O, § é - §1 O00 <1 42° 9774368 =)" Sia 
Potassium acetate KC,H,O, : : : (T2000... 4.500789 . 098 
= bitartrate KHC,H,O, . ; P df TORO 4 cp 5) SOUOF Baby 
ye citrate K,C,H,0, g 5 ee eee oe 
sodium tartrate KNaC,H Os: 411.0. se Fat PL gos oo pay 
Sodium acetate N aC,H,0,. 3H 0 qi RigGontoaey ESSA <2 136 
5, benzoate NaC,H 4,05 é ; = avr SOOO Tear MaAsTE a had 
Strontium lactate Sr(C, "H,0,). : 3 s EEO 13244 133 


The following are specimens of typical equations for some of the above 
reactions, on the model of which the rest can easily be constructed :— 


(a) Lithium benzoate. 
2LiC,H,O, + 60, = Li,CO, + 4CO, + 5H,0 ; 
then Li,CO, + H,SO, = Li,SO, + CO, + H,O; 
therefore H,SO, = 2LiC,H,0,. 

(4) Cream of tartar. 
2KHC,H,O, + 50, = K,CO, + 7CO, + ou O; 
then K,CO, + H,SO,= K,SO,+ CO,+ H 03 
therefore H,SO, = 2KHC H,O> 

(c) Neutral potassium sites 


then 2H SO, . 2K,CO, = 2K,SO, + 2CO, + 2H.0 ; 
therefore 2H,SO, =2K CH, Ox: HO. 
24 ) Rochelle salt. 


2(KNaC,H,O,.4H,O) + 50, = 2KNaCO, + 6CO, + 12H,0 ; 
then 2KNaCO, + 2H,SO, = 2KNaSO, + *2CO, + 2H,0 ; 
therefore 2H,SO, = 2KNaC, H,0,. 4H,O. 

(e) Potassium citrate. 


2K,C,H,0, + 90, = 3K,CO, + 9CO, + 5H,0 ; 
then 3K,CO, + 3H,SO, = ie fag + 3CO,+ 3H,0 ; 
therefore 3H,SO, = 2K,C,H 5O7- 


(Z) Estimation of Lead Salts. 


(a) Plumbic acetate. 


Weigh 3 Gm., dissolve in plenty of water (the flask 4 full), with a drop or 
two of acetic acid to clarify, and then carefully drop in noun sulphuric acid 
till precipitation ceases. 

Take 3 Gm., and use the following equation :— 


H,SO, + Pb(C,H,0.). . 3H,O = PbSO, + 2HC,H,0, a+ 3H,0O. 
(6) Liguor plumbi subacetatts. 


Take 13°63 Gm., add methyl orange, titrate with normal sulphuric acid, 
and apply the equation : — 
2H,SO, + Pb,O(C,H,O,), = 2PbSO, + 2HC,H,O, + H,0. 
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III, STANDARD ALKALI SOLUTION. 
NORMAL ALKALI. 
Strength :—39'96 (40) Gm. NaHO or 55'99 (56) Gm. KHO in 1000 Cv. 


(A) Preparation and Check. 


As the commercial alkalies are not pure, this solution has to be made as 
follows :— 

Dissolve 54 Gm. of ordinary caustic soda or 75 Gm. of caustic potash in 
goo Cc. of distilled water, and let it cool to 15° C. (59° F.), and make up to 
1050 Ce. Now place 20 Ce. of normal acid in a flask, add phenol-phthalein, 
and run in some of this crude alkali from a burette until a faint pink is 
produced. Note the number of Cc. of alkali used, put 50 times that volume 
of the crude alkali solution into a test mixer, and make up to the 1000 Cc, 
mark with distilled water. On again checking, 20 Cc. of the acid should take 
exactly 20 Cc. of the perfected alkali for exact neutralization. When accurate 
normal acid is not available, weigh out °6285 (63) Gm. pure oxalic acid, 
dissolve in 10 Cc. of water (in a 100 Cc. flask), add phenol-phthalein, and 
titrate with the crude alkali. Note the number of Cc. of crude alkali used, 
multiply by roo, and then put that number of Cc. of crude alkali into a liter 
flask, and make up to 1000 Ce. at 15° C. (59° F.). This latter method is 
preferred by the U.S.P., which also considers KHO solution to be more 
serviceable than NaHO, as having a less action on glass vessels. Should any 
less volume of normal alkali than 1000 Cc. be desired, multiply the Cc. 
~ required by the number of Cc. of crude alkali used, divide by 10, and the 
answer will be the Ccs. of crude alkali to be made up to the desired volume. 

Normal alkali diluted from 1oo Cc. to tooo Cc. gives decinormal, and 
from to Cc. to 1000 Cc. yields centinormal, alkali. 

Standard alkali should be kept in bottles fitted with a rubber cork, through 
which passes a tube filled with soda-lime to prevent the entrance of CO, from 
the air. 

(4) Acidimetry. 

Standard alkali is used for taking the strength of acids by simply weighing 
out a quantity of the acid, and then running in the soda in presence of 
phenol-phthalein, with the precaution already described on page 111. _ The 
following are some of the more important equations :— 


(a) NaHO + HCl = NaCl + H,O. 

(4) NaHO + HNO, = NaNO, = H,O. 

(c) NaHO + HCH, 07 = NaC,H rays + H Ok 

(2) 2NaHO + H,SO, = Na,SO, + 2H,0. 

(¢) 2NaHO + H,C,H,O, = Na,C,H,O, + 2H,0. 
(f) 3NaHO + H,C,H,0,. H,O = Na,C,H,0; + 4H,0. 


The following table shows the convenient amount of each acid to weigh out, 
and the equivalent weight of real acid for each Cc. of normal alkali used :— 


m. 
Name and formula. walimnkes: aieaeiralents ‘equivalent. 

Acetic H . C,H,O, . k 3 ‘ Bae op oP ate “1 "O5080,, 

Citric H. ,C,H;0,- H,O . . . a aay 5 . . 06983 . . ‘O70 
Hydrobromic HBr. : : : 1 BOS .- *OB076~~. - ‘O8r 
Hydrochloric HCl . 3 Ppa sc) Gea i O36R7)ii - °0365 
Hypophosphorous H . PHO, . me << ae Kt SOOEBS “Us - *066 
Lactic HC sH150; : i i ae. . *08979 . + ‘090 
Nitric HN On ‘ ; ‘ ‘ << RUaGS. ~~ [0628935 . 1063 
Oxalic H C0; HO" e. : : arene s. "OO2B5 25 « 7003 
Sulphuric H.SO, : ‘ ; AAO 2 OgSOr iis - 049 
Tartaric H,C,H Bas i P ye teres . 107482 075 


In cases of dilute acids 10 times the vie weight may as a rule ie seen: 


STANDARD SOLUTION OF ARGENTIC NITRATE. 115 


The acidimetry of phosphoric acid is dependent on the indicator employed. 
If we use phenol-phthalein, we complete the formation of the dibasic phosphate . 
at the change of color thus :— 


(2) H,PO, + 2KHO = K,HPO, + 2H,0; 
while with methyl orange the completion of the formation of the monobasic 
phosphate is indicated at the change thus :— 
(2) H,PO, + KHO = KH,PO, + aes 
therefore the equivalents are :— 


Name and formula. Indicator. Accurate Approximate 


equivalent. equivalent. 
Phosphoric H,PO, , . phenol-phthalein . . 0489 . . '049 
Pe Zp = - methyl orange u =,» “O75. - 098 


(C) Checking the Strength of Chloral Hydrate. 


This method (used in America) is thus applied: 2 Gm. of chloral hydrate 
are dissolved in 10 Cc. of water; this solution is tested for acidity by litmus 
paper, and if acid it is exactly neutralized by a few drops of very weak soda. 
20 Ce. of standard alkali are then added, and the whole is allowed to stand 
for half an hour to complete the decomposition into chloroform and sodium 
formate. Phenol-phthalein having been added, standard acid is run in from 
a burette till the color changes, and the number of Cc. of acid used having 
been deducted from 20, the difference gives the Cc. of alkali used up by the 
chloral. Then on the equation 

2C,HCl,O. H,O + 2NaHO = 2CHCl, + 2NaCHO, + 2H,O 


each Cc. of alkali so used represents 1655 Gm. of chloral hydrate. 


IV. STANDARD SOLUTION OF ARGENTIC NITRATE. 
Strength :—-Decinormal +, = 16°955 (17) Gm. per 1000 Ce. 
(A) Preparation. 


Dissolve 16°955 Gm. pure AgNO; in distilled water, and make up to 1 liter 
_(1000 Ce.). The solution should be kept in dark amber-colored stoppered 
bottles, and carefully protected from dust. 


Check. As argentic nitrate is not always pure, the solution when thus 
made should be standardized by weighing out ‘1 (1 Decigm.) of pure 
powdered sodium chloride, dissolving it in water in a small beaker, adding 
sufficient potassium chromate indicator to color it yellow, and then running 
in the silver solution, with constant stirring, until the last drop just causes the 
color to change from yellow to pink. This should take 17 Cc. of silver 
solution, because— 


AgNO; + NaCl = AgCl + NaNO,. 
~— 


—— 
10)169°55 _10)58°37_ 
~ 16°955 ~5°837 = Gm. of NaCl, equivalent to 1000 Cc. 74; AgNO,, 
and 005837 X 17 = ‘099429 (practically *1 Gm.). 

If the silver solution be too strong, it should be diluted by the rules already 
given (see ante); but if too weak, it must have more AgNO, added, and then 
- again checked and diluted. 

Preparation of pure sodium chloride. Make a saturated solution of the best 

commercial salt, and pass in dry hydrochloric acid gas till precipitation ceases. 

Separate the crystalline precipitate, and dry at a temperature below redness, 
but sufficiently high to expel all traces of free acid. 
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(4) Estimation of Halogens in Soluble and Neutral Salts. 


Decinormal silver solution is used for the estimation of haloid salts by 
weighing out any quantity ranging between ‘2 and ‘5 (2 or 5 Decigm.), 
dissolving and titrating, KyCrO, being used as the indicator, exactly as above 
described. ‘This process is only accurate in a perfectly neutral solution. If 
the solution be acid, then the estimation must be done by residual titration 
with KCNS (see p. 118). The following are some typical equations :— 

(a) Potassium bromide. 

AgNO, + KBr = AgBr + KNO,. 

(4) Ammonium bromide. 

AgNO, + NH,Br = AgBr + NH,NO, 

(c) Potassium iodide. 

KI + AgNO, = Agl + KNO,. 

Note.—Bromides, if adulterated with iodides, will take /ess silver than they ought, but if 
the impurity be chloride, they will take move. Therefore they must neither take less nor 
more than the correct amount. 

The principle on which an excess of silver used can-be calculated to per- 
centage of KCl present in any sample of KBr is best explained by an 
example. 

‘238 Gm. of impure KBr was found to take 21 Cc. of #4 AgNOs: what per- 
centage of KBr did it contain? 

‘238 KBr would require 20 Cc, io AgNO,. 
230 ACI i, soe GL OL ICG to AgNO,. 
Theoretical difference 11°94 due to KCl; 


but in this case the practical difference was 31°94 — 21 = 10°94. 
Therefore— 10°94 X 100 


1r94 = 91°63 per cent. of KBr, leaving 8°37 KCl, 
or 2I —20 = I, and 
sec = 8°37 per cent. of KCl and 91°63 KBr, 
which is as nearly correct as can be obtained arithmetically. 
The following table shows the salts thus estimated, with the convenient 
quantities to weigh out and weight of each salt equivalent to 1 Cc. of 


decinormal silver nitrate :— 


‘ Approxi 
Name anil formals, sala pavieeiene ccuivalent. 
Ammonium bromide NH,Cl é i730 ; . ‘009777 ; . ‘00980 
Fes chloride NH,Cl : ee ; » 005338 : - 700535 
Calcium bromide CaBr, : : bees . "009972 : Sat c)* 
Lithium bromide LiBr F : Re d . 008677 : . *0087 
Potassium bromide KBr. , sirtgo ‘ . ‘011879 : . ‘O1IQ 
mt chloride KCl. : 2820 : . '00744 : . 0745 
.e iodide KI . ; ; - 50 : - ‘016556 : . ‘o166 
Sodium bromide NaBr : Saenn e . SOLonzo *" . ‘0103 
» chloride NaCl : ; . “EOS ivs . 1005837 «'t PVPRPCOOESS 
y5h OCICS NOT (5 : : See) : + *O14953 , . “O15 
Strontium bromide SrBr,_ . : at 30 oi he Oresag ‘ eY “O23 
‘fs iodide Srl, . : i 92380 : . ‘or7o1s : : "Or9Oe 
Zinc bromide ZnBr, . : : Si FZO : . PORE231 : ») “OlT25 
», Chloride ZnCl, . ; : Per 1) ; . 006792 3 . 0068 
», lodide ZnI, . : : ; Sale =: : . ‘015908 : . ‘OISQI 


(C) Estimation of Hydrocyanic Acid. 
Silver solution is also used for taking the strength of hydrocyanic acid, 
which may be done by two methods as follows :— 
(a) Half precipitation process (B.P.). Weigh 5°4 Gm., add a drop of solution 
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of litmus, and then a few drops of NaHO so as to cause strong alkalinity. 
Now carefully drop in the silver solution from the burette, with constant 
agitation, until a faint permanent cloud of AgCN is produced. If, during the 
operation, the litmus becomes red, more NaHO must be added to keep it 
blue. The following equations explain the reaction, when it is remembered 
that the double cyanide of silver and sodium formed in equation (4) is soluble 
in water, while the AgCN produced in (c) is insoluble ; therefore the formation 
of the slightest trace of a permanent precipitate indicates the completion of 
reaction (4) when exactly 4 the total CN is in combination with the silver :— 
(a2) 2HCN + 2NaHO = 2NaCN + 2H,0. 
(6) 2NaCN + AgNO, = AgCN . NaCN + NaNO,. 
(c) AgCN. NaCN + AgNO, = 2AgCN + NaNO, 
Therefore— 2HCN = AgNO,. 
So that 1000 Cc. ts AgNO, are equivalent to 54 Gm. of HCN. 


Potassium cyanide is done in the same way, using about ‘6 Gm., and 
AgNO; = 2KCN. 


(s) Complete precipitation process (U.S.P.). Mix in a 100 Cc. flask ‘27 Gm. 
of hydrocyanic acid with sufficient water and MgO to make an opaque mixture 
of about 10 Cc. Add 2 or 3 drops of solution of potassium chromate, and 
titrate as directed for haloid salts. The equation being 


HCN + AgNO, = AgCN + HNO,, 


each Cc. of silver used will represent 002698 HCN (or practically ‘oo27) ; 
and seeing that ‘27 was taken, each Cc. will equal 1 per cent. This process 
is applied to crude acidum hydrocyanicum, which is then diluted till it shows 
exactly 2 per cent. real HCN. In ordinary cases more substance should be 
taken for analysis, preferably from 1°35 Gm.up to 5°4 Gm. With correct 2 per 
cent. HCN, 1°35 Gm. takes 10 Cc. silver solution. The object of the MgO 
is to remove the free HNO; as soon as formed. 

The following table shows convenient amounts to weigh, and the equivalent 
weights for 1 Cc. of 34; silver nitrate :— 


° Approxima 
Name and formula. me eae. sienient. 
Hydrocyanic acid (with chromate) HCN . . 1°35 ~. ‘002698 . ‘0027 
os », (with NaHO) HCN OU tad an at. 524 SOO5 206) 2741 FOOSE 
Potassium cyanide (with NaHO) KCN .. . ‘65 + «. ‘013002 . ‘O13 


V. STANDARD SOLUTION OF SODIUM CHLORIDE. 
Strength :—Decinormal +, = 5°837 (5°84) Gm. per tooo Ce. 
(A) Preparation. 


Dissolve 5°837 Gm. pure NaCl in goo Cc. of water, and when brought 
exactly to 15° C. make up 1000 Cc. Each Cc. = ‘005837 Gm. real NaCl. 
Pure sodium chloride is made as above described (p. 115), or perfectly colorless 
and transparent crystals of rock salt may be employed. 


(B) Uses. 


For the estimation of silver in solutions of its salts, the titration being 
continued (with good stirring occasionally) until the last drop causes no 
further precipitate of AgCl. Insoluble salts, such as AgeO, are dissolved 
in a sufficiency of dilute nitric acid, avoiding any great excess. Decinormal 
NaCl can also be employed to check the strength of decinormal AgNOs 
solution (which it should exactly equal Cc. to Cc.), as more convenient than 
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weighing out NaCl every time. The following table gives the equivalent for 
each Cc. of decinormal NaCl :— 


Gm, to Accurate Approximate 
Name and formula, weigh. equivalent. equivalent. 
Silver Ag A ; : ‘27 ; 010766 : 0108 
Argentic nitrate AgNO, . "34 : 016955 : ‘O17 
», oxide Ag,O : b2a2 : *O11564 J ‘O116 
Argenti nitras dilutus ' 1‘00 ‘ 016955 = ‘O17 


When the silver solution ts neutral, it is often more accurate to add a 
known volume of decinormal NaCl, more than sufficient to precipitate all the 
silver, and then having added potassium chromate as indicator, to proceed 
by residual titration with decinormal AgNO;. The U.S.P. applies this 
method to both diluted and fused silver nitrate, but it does the ordinary 
crystallized nitrate by direct titration as above explained. 


VI. STANDARD SOLUTION OF POTASSIUM THIOCYANATE 
(SULPHOCYANIDE). 


Strength :—Decinormal ~ 4 = 9°699 (9°7) Gm. per 1000 Ce. 
(A) Preparation and Check. 


Dissolve 1c Gm. of potassium thiocyanate (sulphocyanide) in 1000 Cc. of 
water. This solution is a little too strong, and must then be standardized as 
follows :—Take in a flask 10 Cc. of decinormal silver nitrate, acidulate with 
5 Cc. of diluted nitric acid (1 in 7), and then add as indicator 4 Cc. of 
a solution of ferric ammonium sulphate (10 per cent. strength). Now titrate 
with the crude thiocyanate solution by shaking constantly until a slight 
permanent reddish tint is produced. ‘The thiocyanate will first precipitate 
the silver as thiocyanate, and, when that is finished, will strike the well-known 
reddish color of ferric thiocyanate with the indicator. The red is always 
produced when the solution is dropped in, but it disappears on shaking so 
long as any silver remains unprecipitated. Note the number of Cc. of crude 
thiocyanate used, and make every to Ce. of that solution up to this number. 
Thus supposing that ro Cc. decinormal silver nitrate took 10°5 Cc. crude 
sulphocyanate, and we had 980 Cc. left to make correct, then— 

10°5 X 980 
ie) 
So that 980 Cc. made up with distilled water to 1029 Cc. will give true 
decinormal thiocyanate, of which 50 Cc. should exactly balance 50 Cc. 
decinormal silver nitrate when tried again in a similar manner. Each Cc. 
of the perfected solution will then contain ‘09699 ('097) KCNS. 


='$020'Ce. 


(B) Estimation of Silver in Acid Solutions. 


This is done exactly as above described, and may be usefully applied to 
any compound of silver soluble in nitric acid. The equivalents for each 
Cc. are ‘010766 (‘o0108) Ag and ‘016955 ('017) AgNO3. 


(C) Estimation of Haloid Salts in Acid Solutions. 


This is an application of residual titration, known as Volhard’s method, 
and is, in certain cases, a much better idea for the estimation of haloid 
salts than the direct method with the chromate indicator, because it may 
be used in the presence of nitric acid, thus enabling a chloride, bromide, 
or iodide to be estimated in presence of a phosphate or other salt which 
precipitates silver in a neutral solution. It depends upon entirely pre- 
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cipitating the chloride in the presence of nitric acid by a known volume 
of decinormal silver nitrate, and then estimating the excess thereof, left 
uncombined with the chloride, by standard solution of ammonium thiocyanate 
(sulphocyanate), using solution of ferric ammonium sulphate for the indicator 
as above described. ‘The U.S.P. applies it to the estimation of the iodide 
in ferri todidum saccharatum and in syr. ferri todidt. Of both these it takes 
1°55 Gm., dissolves in, or dilutes with, 20 or ro Cc. of water respectively, 
and then adds 22 Cc. or 11 Cc. respectively of decinormal silver nitrate. 
To this 5 Cc. of diluted nitric acid and 4 Cc. of ferric ammonium sulphate 
solution having been added, the whole is titrated with decinormal KCNS as 
already described, and not more than 2 Ce. or 1 Cc. respectively should be 
required. ‘Taking the case of the syrup, we have— 


Decinormal silver added . eos kanee: 
a sulphocyanate taken. 1 Ce. 
Difference ; - 10 Cc., due to the silver precipitated as iodide. 


Then 10 X *015477 (0155) = ‘155 real Fel present, or 10 per cent. of the 
1°55 syrup started with. Ferrous bromide and chloride may be similarly 


estimated :— 


Accurate Approximate 
Name and formula. equivalent. eauivaletit: 
Ferrous bromide FeBr. . : “OIG? 7 A on oy OTOS 
35 -ehloride: Fe@l,’\. : - 006331 . : - "00635 


VII. STANDARD SOLUTION OF IODINE. 


Strength :—Decinormal #4 = 12°635 (12°7) Gm. per 1000 Cv. 
(A) Preparation and Check. 


Weigh out 12°635 (12°7) Gm. of pure iodine, and place it in a liter flask 
with 18 Gm. of potassium iodide and about 200 Cc. of water, agitate till 
dissolved, make up to 1000 Cc. with water, and preserve in small stoppered 
bottles in a dark place. Each Cc. = ‘012635 (0127) I. 

Preparation of pure iodine. Heat powdered iodine in a flat porcelain dish 
on a boiling-water bath, with constant stirring, for 20 minutes. Rub it up 
in a glass mortar with 5 per cent. of its weight of pure potassium iodide, and 
return to the dish. Place a clean, dry funnel over the dish and heat on a 
sand bath, when the pure iodine will sublime and collect on the funnel, from 
which it is detached, and kept in a well-stoppered bottle. 


Check. To standardize the strength of the solution (if desired), test it 
against ‘2 Gm. (2 Decigm.) of pure AsgO3 as hereafter described. 


(B) Estimation of Arsenious Acid. 


For arsenious acid, weigh out 1 Decigm. of the As2Oz, and dissolve it 
in boiling water by the aid of ten times its weight of NaHCQO3. Let it cool, 
add some mucilage of starch, and titrate with the iodine solution until a faint 
permanent blue color is obtained. ‘Then apply the equation :— 

al, + As,O, + 51,0 = 2H,AsO, + 4HI. 

Each Cc. of 54; iodine used = ‘004942 (‘00495) AseO3. 

_ For liquor acidi arseniosi or liquor potassit arsenitis use 24°7 Cc. and 2 Gm. 


NaHCQs3. 
(C) Estimation of Sulphurous Acid and Sulphites. 


For sudphurous acid weigh out 2 Gm. from a stoppered bottle, and dilute 
it with 25 Cc. of water. Add starch mucilage, and run in the iodine solution 
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until the faintest possible permanent blue appears. Then apply the equation :— 
us + H,O + SO,. H,O = H.SO, + 2HI; 
whereby each Cc. +N, iodine used = ‘003195 ('032) SO). 
For sulphites dissolve i in 25 Cc. of water and proceed as above. 


The following table shows the convenient amounts to weigh, and the 
equivalent for 1 Cc. 74; iodine of the salts named :— 


m. to . Accurate roximate 
Name and formula. sad equivalent. pete yang 
Potassium sulphite K,SO, . 2H,O : ‘ "485. ‘009692 ; "0097 
Sodium bisulphite NaHSO, ‘ : ; ‘26 - 005193 : 0052 
»,  sulphite Na,SO,. 7H,O . : : 63 Olea 7G , 0126 
Sulphurous acid fH,SO, ; ZO - 1004093 ; ‘OO41 
Sulphur dioxide (in sulphurous acid) SO, Miete 3.6.2) - "003195 : 0032 


(D) Estimation of Antimony Potassium Tartrate. 


This salt absorbs iodine on a similar principle of indirect oxidation to that 
already shown for AsgO3. The reaction may be thus expressed :— 
KSbOC,H,O,. H.O+1,+4NaHCO,+H,0 = KNaC,H,0,+2NalI+NaSbO,+4CO,+4H,0. 
Therefore each atom of iodine can oxidize 3 of the molecular weight of the 
tartrate. In practise 331 Gm. of the salt is dissolved in to Cc. of water, 
and to this 20 Cc. of cold saturated solution of sodium bicarbonate is added, 
together with a little starch mucilage, and the whole is titrated with j4, iodine 
till a faint permanent blue is produced. The number of Cc. of iodine used 
multiplied by ‘01656 (‘0166) gives the amount of real tartrate present, which 
should be roo per cent. The NaHCO; is added to convert the insoluble 
potassium bitartrate shown in the equation into soluble KNaC,H4QOg, and to 
combine with the free antimonic and hydriodic acids also produced. 


VIII. STANDARD SOLUTION OF SODIUM THIOSULPHATE (“ HYPO”). 
Strength: iy = 24°764 (24°8) Gm. Ma2S203.5H20 per 1000 Cv. 
(A) Preparation and Check. 


Dissolve 30 Gm. of crystallized sodium thiosulphate (hyposulphite) in 
sufficient water to make rroo Ce. at 15°C. Put 1o Ce. of this “crude hypo” 
into a flask, add a little starch mucilage, and titrate with decinormal iodine 
until a faint permanent blue is obtained. Note the number of Cc. of iodine 
used, and make every 10 Cc. of the ‘crude hypo” up to this bulk with 
distilled water. Suppose, for example, to Cc. of “crude hypo ” took 10°8 Cc. 
ty iodine, and we had 1080 Ce. of the crude solution left, then— 

1080 X 10°8 
Io 


50 Ce, of the finished solution must be again titrated, and must take 50 Cc. 
of 7 iodine. It must be kept in dark amber- colored bottles and carefully 
protected from dust. Each Cc. will contain *024764 ('0248) real 
NayS2O3 . 5H20. 

Decinormal ‘‘ hypo” deteriorates rapidly, even under the most favorable 
circumstances, and must therefore be checked against #4 iodine each day it 
is used, and any deficiency found allowed for in the calculations. Thus, 
suppose we checked our “ hypo” as above explained, and found that 20 Ce. 
of it only took 19 Cc. of iodine, and then we used the same ‘“‘hypo” in an 
analysis which absorbed 40 Cc., we would correct thus :— 


19 X 40 
20 


= 11664 Cc. of correct N, “ hypo.” 


= 38 Cc. real N. ‘‘hypo” actually.absorbed ; 
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and then 38 x Cc. equivalent of substance analyzed gives the amount 
thereof present. 

Practical analysts, knowing that they must always check in any case, 
always titrate with the “crude hypo,” and do not trouble to make it exactly 
7», preferring simply to make a calculated correction on every analysis, as 
indicated by the check for the day previously done against 5, iodine. 

Solution of sodium thiosulphate is used as follows :— 


(B) Estimation of Free Iodine. 


By weighing out ‘32 Gm., dissolving in a little water by the aid of 1 Gm. 
potassium iodide, and then running in “hypo” till the color is reduced to 
that of a pale sherry; lastly, adding starch mucilage, and going on till the 
blue produced by the starch is just bleached. Then by the equation, 

2(Na,S,0, .5H,O) + I, = 2NaI + Na,S,O, + 10H,0O, 


it is evident that each Cc. #4, “hypo” = ‘012653 (0127) iodine. 


(C) Estimation of Free Chlorine or Bromine. 


For chlorine water. 

Weigh 17°7 Gm. from a stoppered bottle, pouring it directly into a flask 
containing 2 Gm. of potassium iodide previously dissolved in 50 Cc. of water, 
and then titrate with “ hypo ” as already described under (2). 

The Cl first liberates an equivalent quantity of iodine from the KI, and 
the “ hypo” then acts upon the I; so set free, thus :— 

Cl, + 2KI = 2KCl + I,. 
2(Na,S,0,.5H,O) + 1, = 2Nal + Na,S,O, + 10H,0. 


Therefore each Cc. 4 “hypo” = *003537 (‘00355) chlorine. 


On the same principle we would titrate dromine water, but in that 
case each Cc. 4, “hypo” would = ‘007976 (‘008) bromine. 


(D) Estimation of Available Chlorine. 


For chlorinated lime and its solution. 
Weigh -354 Gm. of the solid or 5 Gm. of the Zguor. ‘Triturate the 
_ weighed solid with 50 Cc. water, and wash the whole carefully into a flask. 
Then add ‘8 Gm. of KI and 5 Cc. diluted HCl. Lastly, titrate with “ hypo,” 
adding starch mucilage towards the end of the titration as already described 
under (2). Then by the equations, 
(a) CaOCl, + 2HCl = CaCl, + H,O + Ch, 
(6) Cl, + 2KI = 2KCl + L, 
(c) 2(Na,S,0,.5H,O) + I, = 2NaI + Na,S,O, + 10H,0, 
we come to the result already shown for chlorine water—namely, that 
2(Na,S,0, . 5H,O) = I, = Cl. 
Therefore each Cc. 3, “ hypo” = ‘003537 ('00355) Gm. “ available chlorine” 
in all chlorinated compounds. 
Liquor sode chlorinate. 
Use 67 Gm., and proceed as for chlorinated lime. The action and 
calculations are the same, only differing in the first equation, which is :— 
NaOCl, + 2HCl = 2NaCl + H,O + Cl,. 


(Z) Estimation of Iron in Ferric Salts. 


When excess of potassium iodide is added to a ferric salt in solution in the 
presence of hydrochloric acid, and the whole is digested at 40° C. in a closely 
stoppered bottle for half an hour, the iron in the ferric salt is reduced to the 
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ferrous state, and an equivalent quantity of iodine is liberated. ‘Thus, taking 
ferric chloride, we would have :— 


Fe,Cl, + 2KI = 2FeCl, + 2KCl + I. 


Therefore each atom of iron so reduced liberates 1 atom of iodine, and then 

the iodine so liberated is titrated with =, “hypo”; and thus we see— 
Na,S,0,- 5H,O = I, = Fe, 

And so each Cc. of #4; “hypo” = ‘005588 (‘0056) iron in the ferric salt under 

analysis. 

In practise we weigh 56 Gm. of a solid ferric salt, or 1:12 Gm. of a ferric Zéguor, 
put it into a stoppered bottle of about too Cc. capacity, dissolve in or dilute 
with 15 Cc. of water, add 2 Cc. of hydrochloric acid and 1 Gm. of potassium 
iodide, and quickly close the bottle. The whole is then placed in a basin of 
water heated to 40° C. (104° F.), and maintained at that temperature for half 
and hour. At the expiration of that time the bottle and contents are cooled 
to 15° C., and starch mucilage having been added, the contents are titrated 
in the bottle with #4, “hypo.” The number of Cc. of “hypo” used (after 
correction for check if necessary) are then multiplied by the Cc. equivalent 
of iron as above given. ‘The point of the process is to get no loss of iodine 
vapour during the heating, and yet to take care that the bottle does not 
burst by the expansion of the contained air by the heat. When *56 Gm. of a 
ferric salt is taken, each Cc. of 74 “hypo” used = 1 per cent. of iron; but 


when 1‘12 Gm. of a liquor is started with, then each Cc. = °5 per cent. of iron. . 


IX. STANDARD SOLUTION OF BROMINE. 
Strength: +5 = 7°976 (8°000) Gm. per 1000 Ce. 
(A) Preparation and Check. 


As it is impossible to keep an actual solution of bromine, we make and 
keep a mixed one of a bromide and bromate in such proportion that when 
acidulated with a fixed quantity of acid (5 Cc. HCl) shall give a definite 
amount of free bromine by the equation— 

5KBr + KBrO, + 6HCl = 6KCI1 + 3Br, + 3H,0. 
To do this we follow the procedure of the U.S.P. as follows :— 

Dissolve 3 Gm. of sodium bromate and 50 Gm. of sodium bromide (or 
3°2 Gm. of potassium bromate and 50 Gm. of potassium bromide) in enough 
water to make, at or near 15° C., g00 Cc. Of this solution transfer 20 Cc., 
by means of a pipette, into a bottle having a capacity of about 250 Cc., 
provided with a glass stopper ; add 75 Cc. of water, next 5 Cc. of pure hydro- 
chloric acid, and immediately insert the stopper. Shake the bottle a few 
times, then remove the stopper just sufficiently to quickly introduce 5 Cc. 
20 per cent. solution of potassium iodide, taking care that no bromine vapor 
escape, and immediately stopper the bottle. Agitate the bottle thoroughly, 
remove the stopper and rinse it and the neck of the bottle with a little water 
so that the washings flow into the bottle, and then add from a burette 
, sodium hyposulphite until the iodine tint is exactly discharged, using 
towards the end a few drops of starch indicator. Note the number of Cc, 
of the sodium hyposulphite thus consumed, and then dilute the bromine 
solution so that equal volumes of it and of =; sodium hyposulphite will exactly 
correspond to each other under the conditions mentioned above. 

EXxAMPLE.—Assuming that the 20 Cc. of the bromine solution have required 25'2 Ce. of 
the hyposulphite to completely discharge the iodine tint, the bromine solution must be 
diluted in the proportion of 20 to 25°2. Thus, if 850 Cc. of it are remaining, they must be 
diluted with water to measure 1071 Cc. 
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After the solution is thus diluted, a new trial should be made in the 
manner above described, in which 25 Cc. of the = sodium hyposulphite 
should exactly discharge the tint of the iodine liberated by the bromine set 
free from the 25 Cc. of bromine solution. 

Keep the solution in dark amber-colored glass-stoppered bottles. 


(2) Estimation of Carbolic Acid (Phenol). 


The bromine solution is added in fixed excess, more than sufficient to 
convert all the phenol into insoluble tribromophenol—C,H2Br; . OH—and 
the bromine remaining undecomposed is titrated with KI, starch, and 35 
“hypo” as above described. The number of Cc. of “hypo” used having 
been deducted from the Cc. of 34 bromine started with, the difference 
x ‘001563 =real phenol present in the amount of sample weighed out for 
analysis. The following example is taken from the U.S.P. :— 


Valuation of Carbolic Acid. Dissolve 1°563 Gm. of the carbolic acid to 
be valued in a sufficient quantity of water to make 1000 Cc. ‘Transfer 25 Cc. 
of this solution (containing 0039 Gm. of the acid) to a glass-stoppered bottle 
having a capacity of about 200 Cc., add 30 Cc. of =4; bromine (which is 5 Cc. 
more than would be required if the carbolic acid in the solution were absolute 
phenol, the excess being added to promote the formation and separation of 
tribromophenol), then 5 Cc. of hydrochloric acid, and immediately insert the 
stopper. Shake the bottle repeatedly in the course of half an hour, then 
remove the stopper just sufficiently to introduce quickly 5 Cc. of a 20 per cent. 
aqueous solution of potassium iodide, being careful that no bromine vapor 
escape, and immediately stopper the bottle. Shake the latter thoroughly, 
remove the stopper and rinse it and the neck of the bottle with a little water 
so that the washings may flow into the bottle, and then add from a burette 
;y sodium hyposulphite until the iodine tint is exactly discharged, using 
towards the end a few drops of starch indicator. Note the number of Cc. of 
7 sodium hyposulphite consumed. Deduct this from 30 (the number of Cc. 
of bromine originally added), and multiply the remainder by 4. The product 
will, approximately, represent the percentage of absolute phenol in the car- 
bolic acid tested. For accurate work the remainder is multiplied by ‘001563, 
and the result calculated to percentage on the ‘039 Gm. of acid taken. 


X. ANALYSIS BY DIRECT OXIDATION. 
(A) General Principles. 


The two chief direct oxidizers employed in analysis are potassium per- 
manganate and potassium bichromate, both of which part with oxygen in 
presence of sulphuric acid, but in different proportions. These actions are 
represented by the following equations :— 

With bichromate. K,Cr,O;+ 4H,SO, = K,SO, + Cr,(SO,), + 4H,O + O,; 
therefore each molecular weight of bichromate gives three atomic weights of 
oxygen. 

With permanganate, K,Mn,O, + 3H,SO,= K,SO, + 2MnSO, + O,; + 3H,O; 
therefore each molecular weight of permanganate gives five atomic weights of 


oxygen. 

We have already seen that the /¢heoretical N solution of hydrogen is 1 Gm. 
per 1000 Cc., or ‘oor in each Cc. ; and looking to the formula of the simplest 
compound of H and O, namely water, we notice that 1 atom O combines 
with 2 atoms H. It therefore follows that 1 Gm. of H would combine with 
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15°96 (16) + 2 = 7°98 (8) Gm. of O. A ¢heoretical N solution of O would 
thus be 7‘98 (8) Gm. per 1000 Cc., and a 34; solution would be *798 (8) Gm. 
O per 1000 Cc., and would contain ‘000798 (‘oo008) oxygen in each Cc. In 
oxidation analysis, therefore, a +, solution of any oxidant ts that weight in Gm. 
per 1000 Cc. which will give off *798 ('8) Gm. oxygen under the conditions in 
which it ts used. 
Thus taking dichromate we have 
K,Cr,0, = 293°78 + 6 = 4°896 Gm. per 1000 as a iv oxidant ; 
and for permanganate we have 
K,Mn,O, = 315'34 + 10 = 31534 Gm. per 1000 as a to oxidant. 
Each Cc. of either of these solutions will give ‘000798 (‘o008) available 
oxygen, and will therefore produce exactly the same effect in the analysis of 
anything readily oxidized. 
Oxidants are never employed in stronger solution than ;4,, and frequently 
for delicate work they are made centinormal (;}>). 
There are almost unlimited cases in which such solutions may be applied 
to the various bodies capable of undergoing a definite change by oxidation, 
but the most common applications are :— 


(1) For the estimation of ferrous salts. If we look at the simplest equation 
for the transference of iron from the ferrous to the ferric state, we find 
2FeO + O = Fe,O,. 


So we observe that 1 atomic weight of O can oxidize 2 atomic weights of Fe, 
or that O 
= 7°98 (8) = Fe 55°88 (56) ; 


therefore each Cc. of 74 oxidant = ‘005588 (0056) metallic iron or 
molecular weight We P Arts 
Stel aaa neat of any ferrous salt containing 1 atom of iron in its mole- 
id 
cule. Either of the oxidants may be employed for the estimation of 
ferrous salts. 
Take, for example, crystallized ferrous sulphate. We have the equations :— 
With bichromate. 
K,Cr,O, + 6FeSO,.7H,O + 7H,SO, = 3Fe,(SO,), + K,SO, + Cr,(SO,), + 49H.O. 
With permanganate. : 
-K,Mn,0, + 10FeSO,. 7H,O + 8H,SO, = 5Fe,(SO,), + K,SO, + 2MnSO, + 78H,0. 
In certain ferrous salts, such as phosphate or arseniate, the molecules of 
which contain Fes, it is evident that from the equation 
K,Cr,0,+2Fe,(AsO,).+7H,SO,=Fe,(SO,),+2Fe,(AsO,)o+K,SO,+Cr(SO,),+7H,0 


molecular weight x 3 Ot «ity Gane 
10,000 
Such salts are included in the B.P., but not in the U.S.P. 
The following table gives the equivalents of 1 Cc. of either oxidant for 
some of the more important ferrous salts :— 


each Cc. of 34; oxidant would equal 


a : 
Name and formula. weigh. equivilent,  syaiaeen 
Tron (in ferrous salts) Fe . ; : : = - "005588 . 0056 
», (inreducediron) Fe. ‘ - -.. 5. "O66 . .*o0gSee. uname 
Ferrous carbonate (in ferri carb. sacch.) FeCO,, . 16  . ‘OLI573 . ‘OrI6 
»» sulphate (cryst.) FeSO,.7H,O. ‘ - 1°30)" 1.) SOZV Re — oe ae 
55 », anhydrous FeSO, ‘ : ei YO Susp OPRIGO = xe eee 
i », (dried U.S.P.) 2FeSO,+3H,O. -895 . ‘017864 . ‘or79 
»» Phosphate B.P. Fe,(PO,),.8H,O . . | “896. |. 016733..." “OLGF 
»  arseniate B.P. Fe,(AsO,). : . - 744 . ‘014867 . ‘or49 


(2) For the estimation of oxalic acid and oxalates. The following equation 
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shows that to oxidize oxalic acid or an oxalate requires 1 atomic weight of 
oxygen for each molecule of oxalate :— 
H,C,0,.2H,O + O = 2CO, + 3H,0; 
H,C,04. 2H,O 
20,000 
equivalent to each Cc. The only oxidant employed in this case is per- 
manganate. 
(3) or the estimation of hydrogen dioxide and peroxides. By the equations 
H,0, + O=H,0 + O,, 
BaO, + O = BaO + O,, 
it is evident that 1 atomic weight of O acts with 1 molecular weight of the 
molecular weight 
20,000 
used in this case being permanganate. The following are the equivalents :— 


therefore each Cc. of a #4, oxidant will equal or 006285 (*063) 


peroxide ; therefore 1 Cc. 4 oxidant = , the only oxidant 


Accurate Approximate 
Name and formula. equivalent. equivalent, 
Hydrogen dioxide (in solution) H 202 ; . ‘oo1696 . 5 SOOLT 
Barium dioxide BaO, , atthe cs; SOOOAAT, -s - *00845 


(4) For the estimation of , ih iar sat acid and hypophosphites. The 

equation 
HPH,O, + O, = HPO, + H,O 
shows that each molecular weight of hypophosphorous acid requires. 2 atomic 
molecular weight 
—_—_—_—_———, The 
40,000 

only oxidant used in this case is permanganate, and the following table gives 
the usual information :— 


weights of oxygen; therefore each Cc. 54, oxidant = 


ima 
Name and forms es A 
Hypophosphorous acid HPH,0O, . ‘gps MOOREA 60 \0 .o AOOTOs 
Sodium hypophosphite NaPH,O, “7 7002646 . - *00265 
Potassium ey KPH,O, . ‘I 002598 . . ‘0026 
Calcium ‘, Ca(PH,0O.), ‘t ‘0021209 . + iyOO213 
Ferric pa Fe,(PH,O.), I 0020877 . + "00209 


(5) For equivalent liberation of halogens Rees haloid salts. The equation 
2KI+ 0+ H,0= 2KHO + I, 
shows that each atomic weight of nascent oxygen can liberate 2 atomic 
weights of a halogen from its salts; therefore each Cc. of 74 oxidant can 
atomic weight 
10,000 
equivalent to ‘003537 ('00355) Cl, ‘007976 (‘008) Br, or "012653 (‘o127) I. 
The liberated halogen is then estimated by means of j4 sodium thio- 
. sulphate (“ hypo ”) as already described. 


liberate of the halogen. Thus each Cc. of ;4 permanganate is 


(B) Preparation and Uses of Solution of Potassium Permanganate. 
Strength: +5 = 3°1534 (3°15) Gm. KeM/n2Ozg in 1000 Ce. 
(1) Preparation and Check. 


(a) Solution for immediate use. Dissolve 3°5 Gm. Ke2Mn,QOg in 1000 Cc. 
of recently boiled and cooled distilled water. This is the crude solution, and 
must now be checked by placing 10 Cc. +} oxalic acid in a small flask, adding 
1 Cc. of pure strong sulphuric acid, and titrating this liquid while hot with the 
crude solution (over a sheet of white paper) till a faint permanent pink is 
obtained. Note the number of Cc. of solution used, and dilute the remainder 
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of the crude solution with similarly treated water until 50 Cc. exactly corre- 
spond to 50 Cc. 34; oxalic acid. 

Thus, if ro Cc. 75 oxalic took 9'2 Cc. crude permanganate, we would have 
920 Cc. up to 1t000 Cc., and then we would (after confirmation of 50 Cc. 
against 50 Cc. acid) have true #4 permanganate. This solution cannot be 
depended on unless just made, and if a solution is to be made and stocked 
more precautions must be taken. ‘These precautions are so well explained in 
U.S.P. that the directions therein given cannot be improved, and they are as 
follows :— 


(6) Preparation of #5 permanganate for stock. Place 3°5 Gm. of pure, 
crystallized potassium permanganate in a flask, add 1000 Cc. of boiling water, 
and boii until the crystals are dissolved. Close the flask, and set it aside for 
two days, so that any suspended matters may deposit. This is the stronger 
solution. Prepare another, weaker solution, in the same manner, using 6°6 Gm. 
of the salt and 2200 Cc. of water, and set this also aside for two days. After 
the lapse of this time, pour off the clear portion of each solution into separate 
vessels provided with glass stoppers, and then proceed to test each separately. 
Introduce into a flask 10 Ce. of 54; oxalic acid, add 1 Cc. of pure, concentrated 
sulphuric acid, and, before this mixture cools, gradually add from a burette 
small quantities of the weaker permanganate solution, shaking the flask after 
each addition and reducing the flow to drops towards the end of the operation. 
When the last drop of the permanganate solution added is no longer decolor- 
ized, but imparts a pinkish tint to the liquid, note the number of Cc. consumed. 
In the same manner ascertain the titer of the stronger solution, and likewise 
note down the number of Cc. of the latter consumed. Finally, mix the two 
solutions in such proportions that 50 Cc. of the mixture will exactly correspond 
to an equal volume of 34, oxalic acid. 

Note.—To obtain the accurate proportions for mixing the two solutions, deduct 10 from 
the number of Cc. of the weaker solution required to decompose 10 Ce. of .N, oxalicacid. With 
this difference multiply the number of Cc. of the stronger solution required for the same 
purpose. The product shows the number of Cc. of the s¢vomger solution needed for the 


mixture. Next deduct the number of Cc. of the stronger solution required to decompose 
10 Cc. of N, oxalic acid from 10, and with the difference multiply the number of Cc. of the 


weaker solution required for the same purpose. The product shows the number of Cc. of 
the weaker solution needed for the mixture. 


Or, designating by S the number of Cc. of the stronger solution, and by 
W the number of Cc. of the weaker solution required to decompose 10 Cc. of 7} 
oxalic acid, the following formula will give the proportions in which the 
solutions must be mixed :— 

Stronger solution : Weaker solution : 
(W —10)S + (10 — S) W 
EXAMPLE.—Assuming that 9 Cc. of the stronger (S) and 10°5 of the weaker (W) solution 
had been required, then, substituting these values in the above-given formula, we obtain : 
(10°5 — 10) 9 + (10 — 9) I0'5, 
or 4°5 + or 10°5, 
making 15 Cc. of final solution, 

The bulk of the two solutions is now mixed in the same proportion, 
450 Cc. of the stronger and 1050 Cc. of the weaker, or 900 Cc. of the 
stronger and 2100 Cc. of the weaker solution. 

After the mixture is thus prepared, a new trial should be made, when 
to Cc. of the solution should exactly decompose 10 Cc. of 3S; oxalic acid. 
If necessary, a new adjustment should be made to render the correspondence 
perfect. 

This solution should be kept in small, dark amber-colored and _ glass- 
stoppered bottles (or in bottles provided with tubes, especially designed for 


ANALYSIS BY DIRECT OXIDATION. 127 


the purpose). Thus prepared, this solution will last for months; yet it 
should be tested occasionally, and, when it is found reduced, the liquid 
should be brought back to normal strength by the addition of such an 
amount of the stronger solution as may be determined in the manner above 
described. 

(¢) Standardization of crude permanganate solution by a ferrous salt. Many 
persons prefer this method to that already given above with oxalic acid. The 
salt employed in ferrous ammonium sulphate, FeSO,.(NH4).SO4.6H2O 
(= 392), which contains practically + of its weight of metallic iron. The 
process is performed by weighing out o°7 Gm. of ammonio-ferrous sulphate 
(= o'r Gm. real Fe), dissolving it in too Ce. of distilled water, acidulating 
with 6 Cc. of dilute sulphuric acid (1 to 5), and then titrating with the 
permanganate until a slight permanent pink is produced, not disappearing on 
shaking. To see the color, a sheet of white paper should be placed under 
the flask containing the iron solution, and, at the conclusion of the process, 
the number of Cc. having been noted, the solution is diluted, on the usual 
principles, until it takes exactly 17°85 Cc. to oxidize o'r Gm. Fe. 


(2) Estimation of Ferrous Salts. 


Weigh out a proper amount of the ferrous salt, dissolve in 25—-50 Cc. water, 
acidulate with 6 Cc. diluted sulphuric acid (1 to 5), place the flask over a 
sheet of white paper, and titrate with §, permanganate till a faint permanent 
pink is produced. Note the number of Cc. used, and multiply by the Cc. 
equivalent of the salt under analysis (see table, p. 124). 


(3) Estimation of Oxalic Acid and Oxalates. 


This is performed as already described under “ preparation and check ” of 
permanganate solution (see p. 125). The great point is that the solution 
to be analyzed should by sufficiently warm to give off visible steam. The 
equivalent of oxalic acid has been already given (see p. 125). 


(4) Estimation of Hydrogen or Barium Dioxides (Peroxides). 


The principle of this estimation has been already explained and the 
equivalents given on p. 125. The following would be an example of the pro- 
cedure, as illustrated by the U.S.P. directions for the estimation of barium 
dioxide, and solution of hydrogen and dioxide respectively :— 


(a) Barium dioxide. If 2°11 Gm. of barium dioxide be dissolved, as com- 
pletely as possible, in ice-cold water to the volume of 25 Cc., with the aid of 
7°5 Cc. of phosphoric acid, and 5 Cc. of this solution (corresponding to 
0422 Gm. of the dioxide) be measured off for assay, it should require not 
less than 40 Cc. of #4 potassium permanganate to impart to the liquid a 
permanent pink tint, corresponding to not less than 80 per cent. of pure 
barium dioxide (each Cc. of the volumetric solution indicating 2 per cent. of 
the latter). 


(2) Valuation of solution of hydrogen dioxide. Dilute 10 Cc. of the solution 
with water to make 100 Cc. ‘Transfer 17 Cc. of this liquid (containing 
1'7 Cc. of the solution) to a beaker, add 5 Cc. of diluted sulphuric acid, and 
then ‘from a burette #4; potassium permanganate, until the liquid just retains 
a faint pink tint after being stirred. Each Cc. of the 7 potassium perman- 
ganate corresponds to o’oo17 Gm. of absolute hydrogen dioxide. 

__. To express the strength of any solution of hydrogen dioxide approximately 
in volumes of available oxygen (that is, in volumes of oxygen, given off by one 
volume of the solution upon decomposition), multiply the number of Cc. of 
+5 permanganate decolorized by 1 Cc. of the solution by 0°56 (0°5594), or 
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those decolorized by 1°7 Cc. of the solution by 0°33. [It is assumed that 
1000 Cc. of oxygen, at o° C. (32° F.) and 760 Mm. pressure, weigh 1°43 Gm. ] 

To express the strength in percentage (by weight) of absolute hydrogen dioxide, 
multiply the number of Cc. of =4, permanganate decolorized by 1 Cc. of it by 
017, or divide the number of Cc. of permanganate decolorized by 1°7 Cc. 
of it by ro. 


(5) Estimation of Hypophosphorous Acid and Hypophosphites. 


This is done by residual titration. Excess of = permanganate is added, 
and the number of Cc. remaining unreduced is found by means of oxalic 
acid. In practise 5 Gm. of the free acid is mixed with 7 Cc. H2SO, and 
35 Cc. 744 permanganate, and the whole having been boiled for 15 minutes, 
the excess of permanganate is titrated with =4 oxalic acid till just colorless. 
If, now, 4°7 Cc. of oxalic acid be used, we have :— 

35 — 4°7 = 30°3 Cc. N. permanganate actually reduced by the hypophosphorous 
acid, and 30°3 X ‘00165 = ‘049995, or practically ‘o5 = 10 per cent. real acid. 

Lor hypophosphites we use the following quantities dissolved in 1o Ce. 
Waterc—— 


Taken, H,SO, added. 3\, permanganate added. 
Calcium hypophosphite oobi 9 ‘ 10:Gei ils -) GO Gc. 
Potassium Oe ieee RARE bu a abe . Snag oh 
Sodium 5 eeanbi? rg. pe fees ; a AO oss 
Ferric 3 eet a : 10s) : sf Rote 


The above are the methods of U.S.P., but British analysts prefer to 
ascertain the residual permanganate by adding excess of KI, and then 
titrating the iodine liberated by 74 “hypo,” when each Cc. of “ hypo” used 
= 1 Cc. of residual permanganate, to be deducted from the volume in Cc. 
originally added, and the difference and the hypophosphite “‘Cc. equivalent ” 
= the weight present. 


(C) Preparation and Uses of Solution of Potassium Bichromate. 
Strength: ~y = 4'896 (4°9) Gm. KeCr.O7 in 1000 Cv. 
(1) Preparation. 


Dissolve 4°896 Gm. pure potassium bichromate in enough distilled water 
to make exactly 1000 Ce. at 15° C. (59° F.). 

Note.—Pure K,Cr,O,, in addition to ordinary tests, should (according to the U.S.P.) 
conform to the following tests:—In a solution of 0°5 Gm. of the salt in 10 Cc. of water 
rendered acid by 0°5 Cc. of nitric acid, no visible change should be produced either by 
barium chloride (absence of sz/phaze) or by silver nitrate (absence of chloride). In a mixture 
of 10 Cc. of the aqueous solution (1 in 20) with 1 Cc. of ammonia water, no precipitate 
should be produced by ammonium oxalate (absence of calcium). 


(2) Uses. 


(a) For the estimation of ferrous salts. An appropriate quantity of the 
ferrous salt is weighed and dissolved in a flask in 50 Cc. of warm distilled 
water if soluble, or, if insoluble, dilute HgSOx, is added till the salt dissolves. 
While this is proceeding a white porcelain slab is dotted over with drops 
(from a glass rod) of potassium ferricyanide indicator (see p. 106); the 
contents of the flask are then acidified with 1o Cc. of dilute H,SO, (x to 5), 
and titrated with the {4 bichromate till a drop taken from the flask on the 
end of a glass rod and touched on one of the spots of the indicator on 
the slab just ceases to give any blue, thus showing that all the iron has 
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been oxidized from the ferrous to the ferric state. The number of Cc. 4} 
bichromate used x the Cc. equivalent of the salt under analysis (see table, 
p. 124) gives the weight thereof present in the amount taken for analysis. 
The process should be conducted rapidly to avoid spontaneous oxidation as 
far as possible. When applied to metallic iron or ferrum redactum, the metal 
should be dissolved in diluted H2SQ, in a flask fitted with a cork, through 
which passes a narrow tube to admit the outward passage of the hydrogen 
evolved and to prevent ingress of air. With ferrous phosphate and sac- 
charated ferrous carbonate, it is better to replace sulphuric acid by 
hydrochloric acid and phosphoric acid respectively. 

(4) For alkalimetry. Solution of bichromate is sometimes employed to 
set the strength of volumetric solutions of alkalies. In this case the strength 
is not based upon the oxygen evolved with acid, but upon the following 
equation :— 

K,Cr,0O, + 2KHO = 2K,CrO, + H,0. 
Therefore & 3 molecular weight K2Cr,O7 = 1 molecular weight of KHO, ze. 
K,Cr,O, . 293°78 (294) + 2 = 146°89 (147) = 55°99 (56) KHO. 


For alkalimetry, therefore, a decinormal bichromate solution would be made 
by dissolving 14°689 K,Cr,O; in water at 15° C. to 1000 Cc., and each Cc. of 
such soiution would neutralize ‘oo56 KHO or ‘oo4 NaHO. If, therefore, we 
set 50 Cc. of this alkalimetric #4 bichromate against 50 Cc. of alkali, the 
latter will be correct #4, and any acid in turn set against that would also be 
to: The indicator used is phenol-phthalein, as in ordinary alkalimetry. This 
is a very useful method of standardizing volumetric alkali when we are not 
absolutely certain of the purity of our oxalic acid. The alkali, however, 
cannot be made stronger than #4, because 147 Gm. of K,Cr,O7 would not 
dissolve in 1000 Cc. of water, and therefore it is no use for normal alkalies. 

(c) For equivalent liberation of halogens. The 7 zo bichromate (as oxidant) 
can do the same work in this respect as the yy permanganate, and on the 
same principles. The process is done in presence of sulphuric acid, and 
the liberated iodine is titrated with #4 ‘ hypo.” 


XI. FEHLING’S STANDARD SOLUTION OF COPPER. 
(A) Manufacture and Check by the Ordinary Method. 


This solution is used for the estimation of sugars, and is made in two parts, 
as follows :— 


No. I. 
Take of 
Sulphate of copper . ‘ ‘ P - 346°4 grains or 34°64 Gm. 
Distilled water ° . . . . a sufficiency, 


Dissolve the sulphate of copper in a portion of the water, and dilute the 
solution with more of the water to the volume of 5000 grain-measures, or 
500 Cc. 

No. 2. 
Take of 
Causticsoda . e P e 3 . 1% ounce or 76°5 Gm. 
Tartarated soda. ° . : - 4 ounces or 1750 Gm. 
Distilled water * . . 5 . a sufficiency. 

Dissolve the caustic soda and tartarated soda in a portion of the water, 
and dilute the solution with more of the water to 5000 grain-measures, or 
§ 500 Ce. 

When required for use, mix equal volumes of the solutions No. 1 aad 


9 
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No. 2. On heating the liquid in a test-tube to boiling, it should remain 
perfectly clear. Each ro Cc. of this liquid will represent— 


Glucose . ; : ‘ : 2 5 ‘ : - ‘050 Gm. 
Maltose . : - . ; ; ° ° ot OBD YT". ss 
Lactose . A ; ; P s : : a) *O6IS- 5 
Inverted cane sugar - i f ; , § 0 OATES 
Inverted starch i : : ; ‘ P > ees eee 


To check Fehling’s solution, weigh out ‘475 Gm. of pure sugar-candy and 
dissolve it in 100 Cc. of water in a small flask ; add 3 drops of strong HCl, 
and boil briskly for ten minutes to invert the cane sugar into glucose. Let 
it cool, neutralize with KHO, and then make up exactly to 100 Cc. with 
distilled water. Place this liquid in a burette arranged over a basin placed 
over the gas, and containing 10 Cc. of Fehling’s solution and 50 Cc. of 
water. When the contents of the basin are boiling, run in the sugar solution 
until all blue color is destroyed. Then note the number of Cc. of sugar 
solution used, and whatever that number may be, it will contain the equivalent 
in sugar of 10 Cc. of “ Fehling.” If the “ Fehling” be correct, 10 Ce. of the 
standard sugar will be used to entirely precipitate it. 

It is usually necessary to do the estimation twice, first roughly and then 
accurately, using the second time drops of K4FeCsN¢ acidulated with acetic 
acid on a slab, as an indicator for the disappearance of the last trace of Cu 
from solution. 

Another way of inverting a solution of cane sugar into glucose is to add one- 
tenth of its bulk of fuming HCl, heat gradually up to 68° C., and then cool. 
This is the better method when the solution is to be used for the polariscopic 
estimation of sugar (see Chapter XII.). 


(B) Manufacture and Check by Pavy’s Method. 


Cuprous oxide dissolves in ammonia, forming a colorless liquid. Taking 
advantage of this point, Pavy treats an ammoniacal cupric solution at a 
boiling temperature with sufficient saccharine solution to exactly discharge 
the blue color. The advantage of this method over that above described 
lies simply in the fact that there is no bulky red precipitate to interfere with 
the ready observation of the end reaction. To prepare the test solution, 
dissolve 20°4 Gm. of Rochelle salt and the same weight of caustic potash 
in distilled water ; dissolve separately 4°158 Gm. of pure cupric sulphate in 
more water with heat; add the copper solution to that first prepared, and 
when cold add 300 Cc. of strong ammonia, and distilled water to 1 liter. 
The process is conducted as follows : 10 Cc. of the ammoniated cupric solution 
(= o'oo5 Gm. of glucose) are diluted with 20 Cc. of distilled water, and 
placed in a small flask. This is attached by means of a cork to the nozzle of 
a burette, fitted with a glass stopcock, and previously filled with the saccharine 
solution previously diluted to a fixed bulk. The cork of the flask should be 
traversed by a small bent tube, to permit steam to escape. Now heat the 
flask until the blue liquid boils. ‘Turn the stopcock in order to allow the 
saccharine solution to flow into the hot solution—which should be kept at the 
boiling-point—at the rate of about roo drops per minute (not more nor much 
less), until the azure tint is exactly discharged. Then stop the flow, and 
note the number of Cc. used. That amount of saccharine solution will 
contain 5 milligrams of glucose. ‘To render the determination as accurate 
as possible, the solution for analysis should be diluted to such an extent 
that not less than 4 nor more than 7 Cc. are required to decolorize the 
solution. 

To find the total amount of sugar, multiply o’oo5 by the original total 
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bulk (in Cc.) of the sugar solution started with, and divide the product by 
the number of Cc. of solution used from the burette. To observe easily 
the exact end reaction, a piece of paper or other white body should be placed 
behind the flask. Mr. Stokes uses the half of an ordinary opal gas globe 
fixed in the proper position. If the operator objects to the escape of the 
waste ammoniacal fumes, they may be conducted by a suitable arrangement 
into water or dilute acid. For a special apparatus for this purpose see the 
Analyst, vol. xii. 


(C) Estimation of Sugar. 


The sugar weighed must not exceed ‘5 Gm., and must be dissolved in 
too Cc. of water. If the sugar be either glucose or maltose or lactose, it is 
titrated directly ; but if cane sugar, it is first inverted as above described. 
By always placing 10 Cc. of “ Fehling” in the basin, then whatever number 
of Cc. of sugar solution we use, that number will contain the equivalent of 
1o Cc., and we have only to calculate :— 


As No. of Cc. used: Total volume of sugar solution: Equivalent of 10 Cc. ‘‘ Fehling ” of 
the sugar in question : Real sugar present in the quantity weighed out for analysis. 


(D) Estimation of Starch. 


Starch is weighed and boiled in a flask with water containing dilute hydro- 
chloric acid, under an upright condenser, for some hours. It is then cooled, 
neutralized with potassium hydrate, diluted to a fixed volume (not stronger 
than I in 200), and then the solution so made is titrated into 1o Cc. of 
“‘Fehling.” A much improved process will be found in Chapter X. 


XII. ESTIMATION OF PHOSPHORIC ACID 


is performed by means of a standard solution of uranic nitrate in the presence 
of sodium acetate. The necessary solutions are :— 

1. Standard solution of uranic nitrate, made by dissolving 70 Gm. in 
goo Cc. of water, and then, after ascertaining its strength by performing an 
_ analysis of 50 Cc. of the standard phosphate solution, diluting with water so 

that 50 Cc. will correspond exactly to 50 Cc. of that solution. If absolutely 
pure uranic nitrate were obtainable, theory requires the solution of 71 Gm. 
in 1 liter of water to yield a solution which will balance the standard phos- 
phate (each 1 Cc. = ‘or Gm. of P,O5). 
2. Standard phosphate solution, made by dissolving 50°42 Gm. of perfectly 

_ pure disodium hydrogen phosphate in 1 liter of water, when each r Cc. 
_ will equal ‘or Gm. of P20Os. 
_ 3. Asolution of 100 Gm. of sodium acetate and 100 Gm. of acetic acid in 
_ water, and the whole diluted to 1 liter. 
_ 4. Finely powdered potassium ferrocyanide. 
_ To perform the process, the solution of the phosphate in about 50 Cc. of 
water is placed in a basin on the water bath, mixed with 5 Cc. of solution 
No. 3 (sodic acetate), and No. 1 (uranic nitrate) is run in from a burette, 
until a drop taken from the basin on to a white plate just gives a brown color, 
_ when a little powdered ferrocyanide is cautiously dropped into its center. The 
~number of Cc. of uranic solution used having been noted, the usual calculations 
are to be applied. 
_ After repeated trials upon 50 Cc. of the standard phosphate solution, so 
_as to thoroughly adjust the strength of the uranic solution, and at the same 
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time accustom the eye to observe the exact moment of the appearance of the 
brown coloration, the process may be practically applied to Manures. 

The best method of preparing the solution of the manure is to heat ro Gm. 
to dull redness for 15 minutes, and when cold to reduce it to a fine powder 
in a mortar, and add gradually 10 Gm. of sulphuric acid diluted to 200 Ce. 
with water. Rinse the whole into a stoppered bottle, and make up with 
water to 1 liter. Shake up occasionally for an hour, and having then let 
all settle for three hours, draw off 100 Cc. (= 1 Gm. manure) for analysis. 
To this add a little citric acid (10 drops of a cold saturated solution), 
followed by a slight excess of ammonium hydrate. Again acidify with acetic 
acid, add 10 Cc. sodium acetate solution, and then use the uranic solution as 
usual. If all these quantities be rigorously adhered to, each Cc. of uranic 
solution used can without further calculation be taken as indicating 1 per cent. 
of tricalcium phosphate in the manure. 

This process is highly recommended by Mr. Sutton, of Norwich, and 
elaborate details will be found in his work on Volumetric Analysis. 


XIII, STANDARD SOLUTION OF BARIUM CHLORIDE. 
Normal = 103'82 Gm. per 1000 Ce. of BaCh. 


This is used for taking the amount of a soluble sulphate, by adding it to a 
known weight of the sulphate dissolved in water acidulated with hydrochloric — 
acid, until precipitation ceases. The process, however, is tedious, and the — 
end of the reaction is not sharp, and it is therefore rarely employed. The — 
following is a specimen of the reaction, using magnesium sulphate :— 

; 


MgsOg 4 7H20 + BaCl, = BaSO, + MgCl, + 7H,O. 
Each Cc. of the standard solution equals ‘03993 SOx3 or 04791 SOx. 


The solution is made by dissolving 103°82 Gm. of pure barium chloride dried 
at 104° C. in 1 liter of water. 


XIV. STANDARD MAYER’S SOLUTION. 


Made by dissolving 13°546 Gm. of pure mercuric chloride and 49°8 Gm. 
of potassium iodide in water, and then making up to rooo Cc. 

This solution is used for the estimation of alkaloids, which should be free 
from any mucilaginous matter and preferably dissolved in a little dilute 
sulphuric acid. The reagent is added till precipitation ceases, and the exact — 
equivalent for each alkaloid should be practically checked by operating on 
a known weight of the pure alkaloid, and then always using the solution — 
under exactly the same conditions in future analysts. In the author’s hands 
the process has not worked very well, except for the amount of emetine in 
ipecacuanha, which may be rapidly ascertained as follows :— 

15 Gm. of ipecacuanha are treated with 1°5 Cc. of dilute sulphuric acid, — 
and sufficient alcohol of 80 per cent. added to make the whole bulk up_ 
to 150 Cc. The whole is allowed to stand for 24 hours, and roo Cc. are © 
decanted off for analysis. ‘The liquid is evaporated until all the alcohol is 
driven off, and then brought under the burette containing the test solution, — 
which is run in until it ceases to give a precipitate. The final point of the 
reaction is ascertained by filtering off a drop or two in a watch-glass placed 
on black paper, and adding a drop of the reagent, when, if no cloudiness — 
appears, the precipitation of the alkaloid is complete. The number of Cc. — 
of the test used multiplied by ‘0189 gives the amount of alkaloid in 10 Gm. of 
the sample, which again multiplied by 10 gives percentage. 
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XV. ANALYSIS BY THE NITROMETER. 
(A) General Remarks. 


This useful instrument is illustrated in fig. 29. It consists of a measuring 
tube (A) graduated in Cc., having a funnel-shaped cup (c) connected to it 
by means of the stopcock (Dp). This cock is a “three-way” one, and 
according to the direction in which it is turned, it can make connection 
and discharge the contents of the cup either into the tube a or out in 
the waste opening at E; or it can make, or quite shut off, all connection 
between a and the outer air through ©. Connected to a by a piece of 
flexible indiarubber tube is the ungraduated control tube s. The object of 
the apparatus is the rapid and accurate measurement, at definite temperature 
and pressure, of gases evolved during any reaction; and it takes its name 
from the fact that it was first used to measure the nitric 
oxide given off by the decomposition of nitric acid. If we 
fill the instrument with a fluid (say mercury) right up to 
the tap, and having closed the tap D, we lower the tube B 
and admit a little air through E (by opening and again 
closing the tap), we will have a volume of gas in the 
measuring tube which we desire to measure under definite 
conditions. Then (1) by allowing the instrument to stand 
until its contents must have assumed the temperature of 
the room, a thermometer suspended to the stand will give 
the temperature of the gas. (2) By then raising or lowering 
the control tube (s), so that the level of the liquid both in 
it and in the measuring tube is the same, it is evident that 
the pressure inside a is the same as in the room, and 
reference to a barometer standing near will give that pres- 
sure. It now only remains to read off the volume of the 
gas in the measuring tube, and having corrected it to N.T.P. (see page ror), 
to calculate its weight in Gm. from its volume in Cc., by multiplying the 
number of Cc. of volume at N.T.P. by the weight of 1 Cc. of the gas in 
Gm. This latter is obtained by multiplying ‘0896 Gm. by af the molecular 
weight of the gas, and then dividing by tooo. Suppose, for example, that 


-we have obtained 20 Cc. of nitric oxide at 15° C. and 750 Mm. barometer, 


and we require to know the weight of NO so got, we should say :— 
(a) Gist) x10 = itp Cce., corrected volume at N.T.P. 
(4) oS = "001344 Gm., weight of 1 Cc. NO. 
(c) 18°788 X ‘001344 = 0253 Gm., weight of NO found. 
The various possible applications of this instrument are so numerous that 
exhaustive details would be impossible in the present work ; but the following 
should be practised as typical instances of its use :— 


(B) Estimation of the Strength of Spirit of Nitrous Ether. 


The active principle of this drug is ethyl nitrite. Nitrites when mixed 
with excess of potassium iodide and acidulated with sulphuric acid cause 


a liberation of iodine, and evolve all their nitrogen in the form of nitric oxide, 
thus :— 


C.H;. NO, + KI + H:SO, = C,Hs. HO + KHSO, + I + NO. 
The process is thus conducted. The nitrometer is filled with saturated 


solution of sodium chloride, with which, owing to its density, a strong spirit 
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will not readily mix; 5 Cc. of the sample to be tested is placed in the cup of 
the nitrometer, and the control tube having been lowered, the spirit is allowed 
to enter through the tap, taking care that no air gets in at the same time. 
5 Cc. of a strong solution of potassium iodide is next allowed to enter, and 
this is in turn followed by 5 Cc. of dilute sulphuric acid. Effervescence 
immediately occurs, and if the tube be vigorously agitated at intervals, the 
reaction completes itself in 10 minutes. The level of the liquid in the control 
tube of the instrument is adjusted to equal that in the measuring tube, and 
the volume of nitric oxide is read off and corrected to 15°C. For B.P. 
purposes it is, however, sufficient to see that the resulting gas at 15°5° C. and 
760 Mm. has seven times (or at all events not less than five times) the volume 
of the spirit started with, but the U.S.P. requires 55 Cc. of gas from 5 Cc. 
spirit at15°C. The east trace of air allowed to enter with the liquids vitiates 
the results of the process, because the nitric oxide would be thereby con- 
verted into higher oxides of nitrogen. ‘The gas produced should be tested 
for purity by seeing that it is entirely absorbed by ferrous sulphate solution. 


(C) Estimation of the Strength of Sodium Nitrite. 


Weigh out ‘1 Gm. of the salt, and dissolve it in the smallest possible 
quantity of water. Rinse this into the nitrometer cup, and.proceed as in 
(B). A proper sample should yield 32°5 Cc. of gas, which should be entirely 
absorbed when a strong solution of ferrous sulphate is introduced. The 
U.S.P. takes ‘15 Gm., and requires 50 Cc. gas at 15° C. 


(D) Estimation of Nitric Acid in Nitrates. 


This depends on the fact that when a nitrate is shaken up with excess of 
sulphuric acid and mercury the following reaction takes place :— 


2KNO, + 4H,SO4 + 3Hg = 3HgSOg. + K,SO, + 2NO + 4H,O— 


thus showing that each molecule of the nitrate radical gives off a molecule of 
NO. _ If any chlorides or other haloid salts be present, they are first removed 
by adding a slight excess of argentic sulphate to the solution and filtering. 
No quantity of a nitrate exceeding 2 Decigm. should be used, other- 
wise more gas may be evolved than the instrument will conveniently hold. 
The nitrometer is charged with mercury, and the nitrate solution, which 
should not exceed 5 Cc., is put into the cup and passed therefrom into 
the measuring tube, followed by excess of strong sulphuric acid. The 
instrument is well agitated for some time, and when action has ceased 
and the contents have cooled down to the temperature of the room, the 
level is adjusted and the volume of NO read off and calculated. All the 
precautions already mentioned must be observed. If any nitrites be present, 
they affect the accuracy of the estimation, being also decomposed to nitric oxide. 


(Z) Estimation of Soluble Carbonate. 


It has been proposed to use the nitrometer for taking the strength of the 
medicinal solution of ammonium carbonate in the spirit known as sfiritus 
ammoni@ aromaticus. A given volume of the spirit is placed in the cup and 
introduced into the nitrometer charged with mercury. This is followed by 
an excess of dilute hydrochloric acid, and the carbon dioxide evolved by the 
action of the acid upon the carbonate is measured. The percentage of 
ammonium carbonate may then be calculated, or an empirical comparison of 
volume on the principle of that already described for spirit of nitrous ether 
may be applied. According to Mr. Gravill, the originator of the test, good 
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aromatic spirit of ammonia should give off seven times its volume of carbon 
dioxide after allowing a correction for the slight solubility of the gas in the 
liquid with which it is inclosed. 


(/) Estimation of the Strength of Solutions of Hydrogen Peroxide. 


This depends upon the fact that, when hydrogen peroxide acts upon 
potassium permanganate, acidulated with sulphuric acid, oxygen is evolved. 
One half of this oxygen is due to the peroxide and the other to the perman- 
ganate. The nitrometer should be charged with concentrated solution of 
sodium sulphate (the B.P. uses brine), and 1 Cc. of the solution introduced 
from the cup, followed by 12 Cc. of a mixture of 1 Cc. H,SO«, 2 Cc. of 5 per 
cent. solution of KzMn,Og and 7 Cc. H,O. The contents of the measuring 
tube, after the reaction is complete, must remain colored violet, thus showing 
that sufficient permanganate has been employed. B.P. solution of hydrogen 
peroxide should, when thus treated, give not less than 18 and not more than 
22 times its volume of oxygen. 


(G) Estimation of Urea in Urine. 


This process depends on the fact that when urea is decomposed by an 
alkaline hypobromite or hypochlorite, it gives off its nitrogen in the free state, 
the following reaction taking place :— 


NeHs4CO + 3NaBrO = 3NaBr + N, + CO, + 2H,0O. 


A small flask is fitted with a tight cork, through which passes a funnel 
tube closed by a clamp and reaching to the bottom of the flask, and also 
a bent delivery tube just passing through the cork. 5 Cc. of the urine is 
placed in this flask, and the nitrometer having been filled with water the flask 
is attached to the tap of the nitrometer at the end E (see fig. 29, page 133). 
20 Cc. of a solution of bromine in sodium hydrate solution is then placed 
in the funnel and allowed to run into the urine, and the clamp immediately 
closed. At the same moment the tap of the nitrometer is so placed as to 
establish connection between E and the measuring tube. A little warm water 
in a basin is applied to the flask to hasten the reaction, and when no more 
gas is evolved, the tap is closed, the temperature and pressure adjusted, and 
the volume read off as usual. Each Cc. of gas at N.T.P. represents ‘oo29 
Gm. of urea present in the 5 Cc. of urine acted upon. 

Fig. 29a represents a very simple apparatus that can be improvised in a 
shop or dispensary. 5 Cc. of urine are placed in the test tube (a), and 20 Cc. 
of hypobromite solution (or strong Ziguor 
sode chlorinate will do as well) into the 
bottle B. The bottle cis filled with 
water, and its delivery tube is suspended 
in a graduated Cc. measure. When all 
is tight the urine is caused to mix with 
the reagent by tipping up B, and the gas 
produced passing into c displaces water, 
which latter runs into the measure. The 
number of Cc. of water thus collected in 
the measure multiplied by ‘058 gives the percentage ot urea in the urine. It 
is manifest that 1 fluid dram may be taken, and the measure used may be an 
ordinary 2 oz. dispensing one (where only English weights and measures are 
handy), when each fluid dram of water in the measure at the finish will equal 
‘29 per cent. of urea. 
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XVI. COLORIMETRIC ANALYSIS. 
General Remarks. 


This is a variety of volumetric analysis in which the amount of a substance 
present in solution is found by adding, to a given volume, a fixed quantity of 
a reagent and observing the color produced. ‘This color is then matched 
by adding, to an equal volume of distilled water, the same mixed quantity of 
reagent, and running in a volumetric solution of the pure substance until the 
same tint is produced. Evidently when this point is reached the amount of 
substance present in the solution under analysis equals that in the volumetric 
solution used for the comparative experiment. The applications commonly 
occurring of this method are :— 


(A) Estimation of Ammonia by “ Nesslerizing.” 


For this process the following solutions and apparatus are required :— 

(a) LVessler’s solution. Dissolve 35 parts of potassium iodide in zoo 
parts of water. Dissolve 17 parts of mercuric chloride in 300 
parts of water. The liquids may be heated to aid solution, but 
if so must be cooled. Add the latter solution to the former 
until a permanent precipitate is produced. Then dilute with a 
20 per cent. solution of sodium hydrate to 1ooo parts; add 
mercuric chloride solution until a permanent precipitate again 
forms ; allow to stand till settled, and decant off the clear 
solution. The bulk should be kept in an accurately stoppered 
bottle, and a quantity transferred from time to time to a small 
bottle for use. The solution improves by keeping. 


(2) Standard ammonia solution. Dissolve 3°15 Gm. pure ammonium 
chloride in tooo Cc. of distilled water free from ammonia. 
For use, dilute 10 Cc. of this solution to 1000 Cc. with ammonia 
free distilled water. Each Cc. of the diluted solution will then 
contain ‘or Milligm. of NHsz (ze. ‘oooor Gm.). 


(c) Two narrow cylinders of colorless glass, of perfectly equal height 
and diameter, holding about 70 Cc., and graduated at 50 Cc. 
These should either have a milk glass foot or should stand 
upon a perfectly white paper. 


(2) A pipette to deliver 2 Cc. 

(e) A quantity of ammonia-free distilled water. This is obtained by 
placing a liter of ordinary distilled water in a retort, attaching 
a condenser and distilling until what passes over ceases to give 
any color with “ Nessler’s solution.” The remaining water in 
the retort is then cooled and bottled for use. 


The liquid in which ammonia is to be estimated (usually a distillate obtained 
in water analysis) is first made up to a fixed bulk with ammonia-free distilled 
water, and the bulk noted. It must be so diluted that it only gives a color 
and not a precipitate with “Nessler.” 50 Cc. of this solution are placed in a 
cylinder, and 2 Cc. of “‘Nessler” having been added by the pipette, and the 
whole stirred with a perfectly clean rod, the color produced is observed. A 
little experience soon teaches the operator to judge the probable amount of 
ammonia solution required to produce a similar tint. Let us suppose, for 
example, that the color is judged to be equal to 2 Cc. of ammonia, then we 
proceed to confirm our idea: 2 Cc. of the standard ammonia solution are run 
from a burette into the other cylinder, ammonia-free water is added to 50 Cc., 
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then the 2 Cc. of “ Nessler,” and the whole stirred with the clean rod. If 
now, after a few minutes, the colors match, we are correct; but if not, then 
we must try again and again with more or less standard ammonia until we get 
an exact match between the colors in the two cylinders. This having been 
attained, the calculation is very simple, and will be best explained by an 
example. Suppose that we start with a distillate containing ammonia and 
made up to 200 Cc., and that we employ 5 Cc. of standard ammonia solution 
in the comparison experiment, to match the color produced by “ Nessler” in 
50 Cc. of such distillate. Then ‘5 Cc. x ‘or = ‘05, and ‘o5 X 4 = 2; there- 
fore the whole 200 Cc. of distillate contained *2 Milligm. of NH3. Beginners 
should train their eyes by observing the colors produced by adding various 
quantities of standard ammonia to 50 Cc. of ammonia-free water, and then 
introducing the “Nessler.” 5 of a Cc. of standard ammonia will, produce 
a very faint yellow, while larger amounts will increase the color to orange, 
and finally to deep orange-red. We should always wait 3 minutes before 
observing, as the full color does not appear under that time, and the tem- 
perature of the room should not be below 12° C. 


(B) Estimation of Nitrites in Water. 
See Water Analysis, Chapter X. 


(C) Estimation of Minute Quantities of Copper or Iron. 


This has often to be done in articles of food, such as preserved vegetables. 
After having been burned, and the ash dissolved in an appropriate acid, a 
solution is obtained, which is made up to a definite volume. 50 Cc. is treated 
with a fixed excess of ammonium hydrate in a “ Nessler” glass. The same 
amount of ammonia is added to 50 Cc. of water in another glass, and a very 
weak standard solution of cupric sulphate is dropped in from a burette until 
the colors match, and the amount of copper solution used is noted and 
calculated. Small quantities of ferric iron may also be estimated in the same 
way by the use of potassium ferrocyanide in the presence of a fixed amount of 
acidulation with hydrochloric acid, and matching the color by a weak stan- 
dard solution of ferric chloride. This is often useful in analyzing bread for 
the presence of alum, when we first weigh the precipitate of aluminium 
phosphate containing some ferric phosphate, then dissolve it in HCl, find 
the amount of iron present in this manner, and deduct it, so saving a long 
separation. 


CHAPTER VIII. 


GRAVIMETRIC QUANTITATIVE ANALYSIS OF METALS 
AND ACIDS. 


DIVISION |. PRELIMINARY REMARKS. 


GRAVIMETRIC quantitative analysis is that method by which the substance to 
be estimated is converted into some chemically definite compound, weighed as 
such, and the amount of the original substance obtained from this weight by 
calculation. The same definite compound will answer both for the estimation 
of its metal and of its acid. For example, if we precipitate a known weight of 
argentic nitrate with hydrochloric acid we obtain insoluble argentic chloride, 
which may be filtered out and weighed, and the amount () of Ag in the 
quantity started with calculated therefrom, because— 


AgCl : Ag :: weight of AgCl found : x. 
LAS ay TO9 SE 1) x Meee 


If, on the other hand, we start with a known weight of hydrochloric acid, 
precipitate it with argentic nitrate, and collect and weigh the argentic chloride 
formed, we can find the amount («) of real HCl actually present in quantity 
started with, because— 


AgCl : HCl :: weight of AgCl found : x. 
TAOS S580 10ice 5 - oe ae 


Before giving individual processes for quantitative analysis, we must first 
say something about the usual manipulation involved, which will serve as 
general directions, so saving continual repetition of details. 


(A) The Preparation of Filters. 


Ready-cut filters may be procured from the dealers in chemical apparatus. 
The kind known as Swedish is the best for all cases where the precipitate is 
finely dividedorpulverulent. For gelatinous precipitates, such as ferric hydrate 
and calcium phosphate, the white English or German filters work more 
rapidly ; but they should never be used, say, for barium sulphate, or calcium 
oxalate, as those bodies would very likely pass through the pores of the filter, 
and so cause a loss in the analysis. Whatever paper be employed, the size for 
quantitative operations is, for the larger sort six inches in diameter, for the 
smaller, about two inches. The latter size is used where we have to deal 
_ with traces of precipitate only, or when a small quantity of fluid has to be 
filtered. ‘The paper should yield nothing to dilute acids, and if the ash exceed 
one milligramme per large filter it should be reduced by placing, say, 
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100 Cut filters for some hours in a basin filled with a mixture of one volume 
of HCl and eight volumes of water. They must be then repeatedly washed 
with distilled water till gute free from acidity, otherwise they would crumble 
to pieces when being folded. ‘The washing is a very tedious operation indeed, 
and having been completed, the basin is put on to a water bath till the filters 
are perfectly dry. 


(2) Estimation of the Ash of Filters. 


This is most conveniently done by folding ten filters in a small compass, 
twisting a long platinum wire round the packet so as to form a cage, halding 
the free end in the hand and the paper over a previously weighed platinum 
crucible, while touching it with the flame of a Bunsen burner. The paper 
burns and the ash drops into the crucible, while any particles of carbon which 
have escaped combustion are quite consumed by exposing the crucible for 
some time to a red heat till the ash gets perfectly white. The crucible after 
cooling is reweighed, and its increase is the ash of ten filters. Divided by 10, 
we get the ash of one filter; and in every case where both filter and precipitate 
are burned, the ash of the filter thus found must always be deducted from 
their total weight, and the difference is then the actual weight of the 
precipitate. Filter papers ready cut and freed, as far as possible, from mineral 
matter by the action of hydrochloric and hydrofluoric acids can now be 
purchased. By the use of such papers the filter ash is so reduced that it need 
not be considered, except in the most delicate investigations. 


_(C) The Collection and Washing of Precipitates. 


When the precipitate has been fully formed and the supernatant fluid has 
become quite clear, the latter is poured on the filter (which is either previously 
tared or not, according to circumstances), care being taken not 
to disturb the precipitate. This is done by holding a glass rod 
in a perpendicular position over the filter, placing the lip of the 
beaker against it, and causing the liquid to flow steadily down 
the rod into the filter. When the latter is three-fourths full, the 
beaker is turned into an erect position and the rod drained 
against the inside of the lip, and then laid across the top of the 
beaker until it is time to refill the filter. After thus pouring off 
as much as practicable, the precipitate remaining in the beaker 
is treated with water and well stirred. When the whole has once 
more settled, the clear fluid is again passed through the filter. 
This operation having been repeated three or four times, the 
precipitate is allowed to pass on to the filter, any particles which stick to 
the sides of the beaker being removed with a feather or a rod tipped with a 
small piece of black india-rubber tubing; and the whole having been thus 
collected, the washing is continued by means of a washing-bottle (fig. 30), till 
the precipitate is quite freed from its soluble impurities. For instance, in 
estimating sulphuric acid, the barium sulphate is washed till the filtrate no 
longer gives a turbidity with argentic nitrate. 

Many bodies, as ferric and aluminic hydrate, most phosphates, barium sul- 
_ phate, and some of the carbonates, are best washed with boiling water. Others, 
on the contrary, must be washed with cold water, while a few require washing 
with special mixtures—such as plumbic sulphate, for which we use cold water 
acidified with some H,SO,; magnesium ammonium phosphate, for which cold 
dilute ammonium hydrate is used, etc. 
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(D) Drying of Precipitates. 


After the precipitate has been thoroughly washed and perfectly drained, the 
funnel containing it is loosely covered over with filter paper and then put into 
the water oven or air bath till dry. Most precipitates are dried at a temperature 
of 100° C. (212° F.), but some of them require a heat of 105°C. (220° F.) before 
becoming constant in weight. Prolonged and repeated drying is only necessary 
when the precipitate is weighed on the filter, as described below. Fig. 31 
shows a water oven for drying at 100° C., while fig. 32 shows an air bath for 
drying at higher temperatures. This bath is fitted with an apparatus (called 
a thermostat) for automatically controlling the gas supply, and consequently 
the temperature. 


TMT 
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Fig. 31. 


(Z) Igniting and Weighing Precipitates. 


Many precipitates must first be ignited before they can be weighed. This 
is to drive off water, which they may still retain after drying at 100° C., or to 
reduce them to a more definite condition. For instance, zinc is best weighed 
as oxide, and therefore the precipitate, consisting of oxycarbonate, is first 
ignited. Iron is precipitated as hydrate, but the composition of that body not 
being constant, it is ignited and so made into pure oxide before weighing. As 
soon, therefore, as the precipitate appears dry, it is carefully detached from 
the filter and put into a previously ignited and weighed crucible, the filter is 
burned on the lid (which has been weighed together with the crucible), the 
ash is thrown into the crucible, and the latter covered with the lid. The 


Fig. 34. 


crucible is now supported by a pipe-clay triangle, and gently ignited at first, 
to prevent spurting from the sudden evolution of steam or other gases. The 
lid is now taken off, and the crucible inclined a little, so as to give a free access 
of air. The ignition is continued for some minutes, and the crucible, having 
been again covered with a lid, is allowed to cool in a desiccator and weighed. 
A desiccator is shown in fig. 33, and will be seen to consist of a glass shade 
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in which is a vessel containing strong sulphuric acid to keep the air under the 
glass shade always free from moisture. 

The heat of an ordinary Bunsen burner is generally sufficient for all pur- 
poses ; but the conversion of calcium carbonate into oxide requires the aid of 
a gas blowpipe ; while argentic chloride must only be heated over a rose 
Bunsen or spirit lamp until it just begins to fuse. The filters are, as already 
shown, burned separately, to prevent any reduction of the precipitate by the 
carbon of the filter. 

Some precipitates are not ignited, but weighed on a previously tared filter. 
Before weighing the filter—for which purpose a weighing tube (fig. 34) is used, 
or the filter is placed between two closely-fitting watch-glasses provided with a 
clamp to hold them together—it must first be dried for fifteen minutes at 
too° C. After drying the precipitate, the filter is again placed in the tube or 
between the glasses and reweighed : the increase shows, of course, the weight 
of the substance. It is well to re-place the filter in the bath for, say, half an 
hour, and to weigh again. Should the weight be considerably less, it must be 
once more put into the bath and reweighed. Another method of weighing 
precipitates on a filter is to prepare two filters of equal size, A and B. Cut off 
the bottom point of B, so that a will go inside it with its point projecting 
through the opening. Now put B on the weight scale of the balance, and cut 
off minute slices from the top of a until the two are exactly counterbalanced. 
Place a inside B, and then, having put both in the funnel, collect the preci- 
pitate, wash and dry as usual, and cool under the desiccator. Lastly, detach 
B, and use it for a tare, putting it into the weight pan, and then the weights 
required to balance a and its contents will be the weight of the precipitate, 
because, both filters having been exposed to the same conditions, the tare is 
accurate, 


(#) Estimation of Moisture. 


A watch-glass is exactly tared on the balance, and then 2 grammes of the 
substance (in powder, if possible) are carefully weighed upon the glass, and 
the total weight noted. The glass, with contents, is then placed in the drying 
oven and heated therein for an hour, at the expiration of which it is removed 
to the desiccator, and, when cold, is weighed and the weight noted. It is 
then replaced in the oven for half-an-hour, and the cooling and weighing 
repeated. If the two weights do not agree within, say, 2 milligrammes, the 
process is repeated until two concordant weighings are obtained. The weight 


‘after drying, deducted from the total weight of glass + substance started with, 


gives the moisture, which figure multiplied by 50 gives percentage. 


(G) Estimation of the Ash of Organic Bodies, 


This determination is necessary in every analysis of a vegetable or animal 
substance. A platinum dish is heated to redness, cooled under the desiccator, 
weighed, and the weight noted. A suitable quantity, say 5 to 10 grammes of 
the substance, is weighed into the dish, which is then arranged on a triangle 
support over a Bunsen burner and heated to dull redness. If after fumes 
cease the substance is seen to have assumed a coke-like form, it is removed 
from the dish into a small, dry mortar, and having been carefully powdered, 
the powder is replaced in the dish and maintained at a dull red heat until it 
has become perfectly white, or at least until all carbon has been burned off. 
If the burning proves very tedious and the last traces of carbon are very 
difficult to burn, the addition of a light sprinkling of ammonium nitrate will 
cause the process to complete itself more rapidly. ‘The dish is now cooled 
under the desiccator and weighed, and the weight of the empty dish having 
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been deducted, the difference gives the weight of the ash, which is then cal- 
culated to percentage. The heat should not be allowed to rise to bright 
redness, because potassium and sodium chlorides, which are very common 
constituents of the ash, would be thereby volatilised to some extent and so 
lost. The estimation of ash soluble in water is frequently of great importance 
as showing, when too low, that the article has been tampered with so as to 
remove its active properties. For example, tea which has been used and 
redried, or ginger, that has been employed to make ginger essence and then 
redried and sold would both show great deficiency in this respect. To 
ascertain the amount of soluble ash, the total ash is extracted with boiling 
distilled water, filtered, washed, and the filter and contents having been dried 
are ignited and weighed ; lastly, this weight deducted from that of the total 
ash, gives the soluble ash, 


(#7) Analytical Factors for Calculating the Results of Analyses, 


To save the working out of a rule-of-three sum on the result of each 
analysis it 1S Customary to employ factors. These are obtained by dividing 
the weight of the required body by the equivalent weight of the body in 
the form in which it is precipitated. Thus, supposing we are estimating the 
amount of argentic nitrate present in a solution containing ‘6 gramme of the 
salt, and have precipitated and weighed the same in the form of argentic 
chloride, we have :— 

Molecular weight of AgNO; 168-69 
Equivalent weight of AgCl 142°3 
It now only remains to multiply this factor by the weight of the precipitat- 
to obtain the answer. Let us further suppose that the weight of the precipie 
tate was ‘5 gramme, then 1°1854 x ‘5 = ‘59270 real AgNOs present in the 


sera = 98°79 per cent. real AgNOs present 


= 1'1854, analytical factor. 


‘6 gramme taken; then 


in the sample. 


DIVISION Il. GRAVIMETRIC ESTIMATION OF METALS. 


I. ESTIMATION OF SILVER. 
(A) As Argentic Chloride. 
(Practise upon ‘5 gramme pure AgNO, dissolved in 100 c.c. H,O.) 


Silver is most conveniently weighed as chloride. The silver solution to be 
estimated is acidified with nitric acid, and hydrochloric acid is dropped in 
until no more precipitate forms. It is best to have the solution warm, and to 
stir till the supernatant liquid has got perfectly clear. The clear fluid is now 
poured off through a filter, and the chloride is washed by decantation with 
boiling water (always pouring the washings through the filter) till every trace 
of acid is removed, and subsequently the whole precipitate is brought upon 
the filter. ‘ The filter and contents are then dried in the water oven, and the 
chloride transferred into a weighed porcelain crucible, and heated over a low 
flame till it just commences to fuse. The filter is burned on the crucible lid, 
and the ash treated with a drop of agua regia, the resulting chloride dried, 
the lid placed on the crucible, and the whole weighed. The tare of the 
crucible, lid and filter ash having been deducted, the balance is AgCl, from 
the quantity weighed ‘out for analysis. 
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(B) As Metal. 


(a) Jn organic salts, by igniting a weighed quantity of the salt in a tared 
porcelain crucible, and weighing the ash, which will consist of pure metallic 
silver. 

(4) In alloys, by cupellatton, as follows: The weighed alloy is wrapped in 
lead foil, placed on a little cup or cufe/ made of bone ash, and heated to 
bright redness in a muffle furnace. The lead oxidises and sinks into the 
cupel, carrying the impurities with it, and leaving a button of pure silver, 
which is cooled and weighed. 


2. ESTIMATION OF LEAD. 
(A) As Plumbic Oxide. 


(Practise upon *5 gramme pure plumbic acetate.) 


The solution containing the substance to be analysed is precipitated with 
ammonium carbonate in the presence of a little ammonium hydrate. The 
precipitated plumbic carbonate is then collected on a small filter, washed, and 
dried. The dry precipitate is removed as completely as possible from the 
filter-paper, and introduced into a weighed porcelain crucible. The filter 
having been burned on the lid, and its ash added to the contents of the 
crucible, the whole is ignited, cooled, and weighed. By ignition the oxide 
is formed ; and after deducting the weight of the crucible and filter ash, the 
balance is PbO, from the quantity weighed out for analysis. Organic salts of 
Zead require simply to be ignited in a tared porcelain crucible, with free access 
of air, adding a sprinkling of ammonium nitrate (to prevent reduction to the 
metallic state), and weighing the resulting PbO. 


(B) As Plumbic Chromate. 


(Practise upon ‘5 gramme of plumbic nitrate.) 


The solution is mixed with excess of sodium acetate and precipitated with 
potassium chromate. The precipitate is collected, washed with water acidu- 
lated with acetic acid, dried, and ignited in a platinum crucible with the usual 
precautions. The filter is burned on the lid, treated with a drop or two of 
nitric acid, dried, and again ignited. The crucible and contents are weighed, 
and the tare of the crucible having been deducted, the balance is PbCrO,, 
from the quantity weighed out for analysis. 

Lead may also be precipitated as PbSO,, washed with cold and very dilute 
sulphuric acid, dried, ignited, and weighed as such. 


3. ESTIMATION OF MERCURY. 
(A) As Metal. 


(Practise upon 1 gramme of “ white precipitate,” which should yield 77°5% Hg.) 


Take a combustion tube of hard glass, closed at one end, and put in: (1) a 
little magnesite—MgCoO, ; (2) the weighed quantity of the mercury salt, mixed 
with excess of quicklime ; (3) a few inches of quicklime ; (4) a loose plug of 
asbestos. Draw out the open end of the tube before the blowpipe and bend 
it down at a right angle. Give the tube a tap or two on the table to insure 
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a free passage along the upper part for gases, and place it in a combustion 
furnace, with its open end dipping under the surface of some water in a small 
flask. Apply heat to the front part of the tube, and go gradually backwards 
until the whole is heated to redness and the CO,, given off by the MgCO,, 
has swept all the mercury vapour out of the tube. ‘The mercury collects as a 
globule under the water in the basin, and is transferred to a tared watch-glass, 
perfectly dried by pressure with blotting-paper, and weighed. A similar 
globule may be obtained by prolonged boiling of the mercury salt with excess 
of stannous chloride strongly acidulated with HCl, the flask used being 
connected to an upright condenser to save fumes. 


(2) As Mercuric Sulphide. 
(Practise upon *5 gramme of mercuric chloride.) 


Through the solution of the mercuric salt the current of HeS is passed till 
the liquid is saturated. The precipitate is collected on a weighed filter, 
washed first with water, then with absolute alcohol, and finally, to remove 
any free sulphur, with a mixture of equal parts of ether and carbon disulphide. 
After drying at 100° C. and weighing, the balance, after deducting the tare 
of the filter, is HgS from the quantity weighed out for analysis. 


4. ESTIMATION OF CADMIUM. 
As Sulphide. 


(Practise upon *5 gramme of CdCO, dissolved in diluted HCl.) 


The solution is precipitated with ammonium hydrate and ammonium sul- 
phide. The cadmium sulphide is collected in a weighed filter, washed, dried 
at 100° C., and weighed as CdS. In the presence of metals of the fourth 
group the solution must be slightly acidified with hydrochloric acid and 
precipitated by a current of sulphuretted hydrogen. 


5. ESTIMATION OF COPPER. 
(A) As Cupric Oxide. 
(Practise upon ‘5 gramme of pure CuSQ, . 5H20.) 


The solution is boiled with a slight excess of sodium hydrate. The 
precipitate is filtered out, washed, and dried. It is then carefully removed 
from the paper to a weighed crucible, and the filter having been burned on 
the lid and the ash added to the contents of the crucible, the whole is well 
ignited, cooled in a desiccator, and weighed rapidly, because cupric oxide is 
very hygroscopic. ‘To make sure that the oxide contains no cuprous oxide, it 
is moistened with a little fuming nitric acid, dried with the lid on, ignited 
for ten minutes, and then weighed as CuO. ‘This operation requires care, 
being liable to involve loss by spurting. 


(B) As Metallic Copper. 


The solution, which must be free from other metals precipitable by electro- 
lysis, is introduced into a weighed and very clean platinum basin. It must 
contain a slight excess of sulphuric acid, but on no account nitric acid. The 
dish is then attached to the wire from the zinc plate of a galvanic cell, thus 
becoming the cazhode. The other wire is connected to a piece of platinum 
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oe 


wire to form an anode, and this latter is then immersed in the liquid. After a 
short time the fluid will become quite colourless, and the basin will be coated 
with metallic copper. The fluid is now poured off, and the copper repeatedly 
washed with boiling water till all acidity is removed. The basin is finally 
rinsed with absolute alcohol, quickly dried, weighed, and the tare of the basin 
having been deducted, the difference is metallic copper in the quantity 
weighed out for analysis. 

The use of a battery may be dispensed with, and a fragment of pure zinc 
used to precipitate the copper, with sufficient acid to dissolve all the zinc 
before pouring off. 


6. ESTIMATION OF BISMUTH. 
(A) As Bismuth Sulphide. 
(Practise upon *75 gramme of dismuthi et ammonia citras B.P.) 


This process (although employed in the B.P.) cannot be much recom- 
mended, as the sulphide is apt to increase in weight on drying, owing to the 
absorption of oxygen. A current of sulphuretted hydrogen is passed through 
the acid bismuth solution ; the resulting sulphide is collected on a tared filter, 
dried at 100° C., and weighed as Bi2S,. 


(2) As Bismuth Oxide. 


The solution for analysis is diluted with water, and precipitated with a 
slight excess of ammonium carbonate. The precipitated bismuthous oxy- 
carbonate is collected, washed, and dried. It is then separated from the filter 
paper, and the latter having been burned on the lid of a weighed crucible, 
the whole is introduced into the crucible, and ignited, cooled, and weighed as 
Bi,O3. 


7. ESTIMATION OF GOLD. 
As Metallic Gold, by Cupellation. 


The alloy containing the gold is treated exactly as described under silver. 
The resulting metallic button is rolled out into a flat foil, and is then digested 
with nitric acid, which dissolves any silver, and the resulting gold is re-fused 
into a button and weighed. 


8. ESTIMATION OF PLATINUM. 
As Metallic Platinum. 


The solution, which must contain the platinum as chloride, is concentrated 
and precipitated with excess of ammonium chloride. The precipitate is well 
washed with rectified spirit, dried, ignited, and weighed as metallic platinum, 


9. ESTIMATION OF TIN. 
(A) As Stannic Oxide. 


Alloys containing tin, but free from antimony or arsenic, are treated with 
nitric acid, which converts the tin into oxide and other metals into nitrates. 


The acid fluid is evaporated nearly to dryness, the residue taken up with 
10 
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water and a little nitric acid; the oxide is washed by decantation, collected 
on a filter, completely washed and dried. It is then as completely as possible 
detached from. the filter, the latter is burned on a lid, the ash added to the 
contents of the crucible, and the whole ignited. After cooling, the oxide is 
moistened with a little nitric acid, dried (with the lid on), again ignited, and 
weighed as SnQz. 

Where we have to deal with tin in solution, the following method is 
applied :— 

The solution, which must be free from other metals of the first three groups, 
is precipitated with sulphuretted hydrogen, the resulting sulphide is washed 
with solution of ammonium acetate, which will prevent the stannic sulphide 
from passing through the filter. The sulphide is transferred to a weighed 
crucible, and the whole ignited, at first very gently, until fumes of sulphurous 
anhydride cease, and then at a very high temperature, with the addition of a 
fragment of ammonium carbonate. 

This process depends on the conversion of the sulphide into SnO, by 
ignition ; but it must be conducted with care, as a too rapid application of 
heat would cause the change to take place suddenly, and some of the sulphide 
would be lost. 


(B) As Metallic Tin. 


This process, which is only applicable to tin stone, consists in fusing a 
known quantity of the pulverised ore with potassium cyanide in a porcelain 
crucible, when a small button or granules of metallic tin will be obtained on 
treating the mass with water. The tin is washed, dried, and weighed. 


10. ESTIMATION OF ANTIMONY. 


As Antimonious Sulphide, with or without Subsequent Conversion into 
Antimonious Antimonic Oxide. 


(Practise upon ‘5 gramme of “ tartar emetic.”) 


- The acid solution is mixed with tartaric acid, to prevent the precipitation of 
an oxysalt, diluted with water, and precipitated with sulphuretted hydrogen, 
the sulphide collected on a weighed filter, dried at 105° C., and weighed. 
The conversion of the sulphide into oxide is best done by igniting an aliquot 
part in a porcelain crucible, with excess of mercuric oxide, and finally igniting 
very strongly. ‘The remaining Sb,OQ, is then weighed. ‘The B.P. simply 
moistens and warms the sulphide with nitric acid till red fumes cease, and 
then dries, ignites, and weighs as Sb,O4. 


11. ESTIMATION OF ARSENIC. 
(4) As Arsenious Sulphide. 


(Practise upon *5 gramme As,Q3.) 


The solution must contain the arsenic as arsenious acid. After adding 
some HCl, a current of sulphuretted hydrogen is passed through the liquid, 
till the latter acquires a strong smell. ‘The excess of gas is now removed by 
warming the fluid and passing a current of carbonic anhydride through it. 
The sulphide is collected on a weighed filter, washed, dried at 100° C., and 
weighed as As9S;. 
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(2) As Magnesium Ammonium Arseniate. 


If the substance be arsenious acid it is dissolved in some, hot solution of 
sodium carbonate, excess of hydrochloric acid is added, and the fluid mixed 
with excess of bromine water. Arsenic and sulphur compounds, on the other 
hand, are dissolved in hot potassium hydrate and treated with excess of 
chlorine gas to convert them into arsenic acid. The solution of arsenic acid 
thus obtained by either of the foregoing methods is mixed with large excess 
of ammonium hydrate, and, after being allowed to cool, precipitated with 
magnesia mixture. After standing for at least twelve hours, the precipitate 
is collected on a weighed filter, washed with a mixture of one volume of 
ammonium hydrate and three volumes of water till free from chlorine, dried 
for three hours at 105° C., and weighed as (MgNH4AsOx,), H,O. 


12. ESTIMATION OF COBALT, 
As Potassium Cobaltous Nitrite. 


The solution is concentrated to a small bulk, the excess of acid is neutralised 
with potash, and excess of potassium nitrite and a little acetic acid (to keep 
the solution slightly acid to test-paper) are then added. After the lapse of 
_ twenty-four hours all the cobalt will have crystallised out as potassium cobaltous 

nitrite. This salt is quite insoluble in the mother liquor, but slightly so in 

_ pure water. For the washing a 10% solution of potassium acetate is used, 
_ wherein the salt is also insoluble, and the acetate is afterwards removed by 
washing with alcohol. A weighed filter is used and the precipitate dried at 
too” C. 


13. ESTIMATION OF NICKEL. 
As Metal. 


The solution is precipitated with excess of sodium hydrate and boiled. 
_ The precipitate is washed with boiling water, dried, ignited, and weighed. 
_ The ignited residue, or a known portion of it, is now introduced into a 
_ weighed porcelain boat, and reduced at red heat by a current of hydrogen. 
_ The reduced metallic nickel is afterwards weighed. 


14. ESTIMATION OF MANGANESE, 
As Manganoso-manganic Oxide, 
(Practise upon *75 gramme of pure MnSOQ, . 7H;0.) 


The solution for analysis, if strongly acid, is neutralised with ammonium 
hydrate and precipitated by ammonium sulphide. The precipitated manganous 
sulphide is washed with water containing ammonium sulphide, and dissolved 
in hydrochloric acid. Excess of sodium acetate is then added, and chlorine 
gas is passed through the liquid until all the manganese precipitates as 
Manganic peroxide, which is then collected, washed, and calcined in a 
weighed crucible to bright redness. This forms Mn;O4; the crucible with 
the contents is then cooled and weighed. . 
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15. ESTIMATION OF ZINC. 
As Zine Oxide. 


(Practise upon *75 gramme of pure ZnSO, . 7H20.) 


The solution of the zinc salt is precipitated, while boiling, with sodium 
carbonate, and the whole is well boiled. The precipitate is allowed to settle, 
washed by decantation with boiling water, filtered out, and dried. It is then 
introduced into a weighed crucible, ignited for some time at a bright red 
heat, cooled, and weighed. The ignition changes the precipitated zinc 
carbonate to oxide, and it is weighed as ZnO. Or the solution is precipitated 
with ammonium sulphide, the zinc sulphide collected on a filter, washed with 
dilute ammonium sulphide, dried, ignited, and finally weighed as oxide. 
This latter method is useful when only small quantities of zinc are present. 


16. ESTIMATION OF IRON. 
As Ferric Oxide. 


(Practise upon *75 gramme of pure FeSO, . 7H20.) 


The solution is boiled with a nitro-hydrochloric acid, to ensure that the 
whole of the iron is in the ferric state. Excess of ammonium hydrate is 
added, the whole boiled and rapidly filtered. The precipitated ferric hydrate 
is washed with boiling water, dried, and ignited in a weighed crucible for some 
time. 

In the presence of organic matter, such as citric or tartaric acid, the iron 
must first be separated by precipitation with ammonium sulphide, the precipi- 
tate washed with dilute ammonium sulphide, redissolved in hydrochloric acid, 
boiled, oxidised by potassium chlorate, and then precipitated with ammonium 
hydrate, as directed. In the presence of manganese the solution should be 
nearly neutralised by ammonium hydrate and then boiled with excess of 
ammonium acetate, and the resulting ferric oxy-acetate collected, washed, 
dried, and ignited to Fe2QOs. 


17. ESTIMATION OF ALUMINIUM. 
As Aluminic Oxide. 


a 


(Practise upon 1 gramme of pure alum.) 


The solution is precipitated with a slight excess of ammonium hydrate, and — 
boiled until it only smells very faintly of ammonia. The precipitated aluminic — 
hydrate thus obtained is filtered out, washed with boiling water, and dried. — 
The dry filter and its contents are transferred to a weighed platinum crucible, — 
and ignited to bright redness for some time, allowed to cool, and weighed ~ 
as AlgQOs3. 


18. ESTIMATION OF CHROMIUM. 
As Chromic Oxide. 


Salts of chromium are at once precipitated with ammonium hydrate, and the — 
precipitate washed, dried, ignited, and weighed as Cr203. Soluble chromates — 
are first reduced by means of hydrochloric and sulphurous acids (or, instead — 
of the latter, spirit of wine may be used), and the chromium precipitated as 
hydrate by ammonium hydrate, ignited and weighed as CreQ,, all as described 
above for aluminium. 2 | 
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19. ESTIMATION OF BARIUM. 
As Barium Sulphate. 


(Practise upon *5 gramme of BaClg. 2H20.) 


To a solution in boiling water add excess of sulphuric acid, boil rapidly for 
a few minutes, and set aside to settle. 

The clear liquor is poured off as closely as possible, and the precipitate 
collected on a filter of Swedish paper, and washed with boiling water. The 
filter and precipitate are next dried and ignited in a weighed platinum crucible 
(the precipitate being removed as perfectly as possible from the paper, and 
the latter first burned separately on the crucible lid, and the ash added to the 
contents of the crucible, to avoid the reduction of BaSO, to BaS by the carbon 
of the paper). The crucible and its contents having been weighed, and the 
weight of the crucible and filter ash deducted, the difference equals the 
BaSQ,. 


20. ESTIMATION OF CALCIUM. 
. As Calcium Carbonate. 


_ (Practise upon ‘5 gramme of powdered calc-spar dissolved in dilute HCl.) 


The solution of the lime salt is mixed with ammonium chloride, and is then 
made alkaline by ammonium hydrate. Ammonium oxalate is now added 
_ inexcess. The whole is kept just below the boiling-point until the precipitate 
_ aggregates, then filtered and the precipitate washed with hot distilled water 
- until free from chlorides. The filter and contents having been dried at 
' 100° C., the precipitate is carefully transferred to a tared platinum crucible 
_ and gently ignited. It is then moistened with a solution of pure ammonium 
_ carbonate, evaporated to dryness, heated until no more fumes are evolved, 
__ and then weighed as CaCO. 


21. ESTIMATION OF MAGNESIUM. 
As Magnesium Pyrophosphate. 
(Practise upon *5 gramme of pure MgSO,. 7H;20.) 


_ The solution (which should be strong) is mixed with some ammonium 
_ chloride, and then with one-third of its bulk of ammonium hydrate, well 
_ cooled, excess of disodium hydrogen phosphate added, and the whole set 
_ aside for some hours. Care must be taken not to touch the sides of the 
beaker with the stirring rod, as otherwise particles of the precipitate will 
adhere to them so tenaciously as to be only removable with great difficulty. 
_ The precipitate is collected on the filter, washed with a mixture of one volume 
_ of ammonium hydrate and three volumes of water, till the washings are free 
from chlorine, and dried. ‘The precipitate is now detached from the filter 
and put into a weighed platinum crucible, the filter is burned in the lid, the 
ash added to the contents of the crucible, and the whole strongly ignited 
_ and weighed as Mg2P20,. 

_ It sometimes happens that the phosphate, even after prolonged ignition, is 
very black. In that case it is, after cooling, thoroughly moistened with 
a acid, carefully dried, and re-ignited, when it will be found to be perfectly 
white. 

_ The B.P. estimates magnesium in MgSO, by simply precipitating a boiling 
solution with NagCOs, and collecting, drying, igniting, and weighing as MgO. 
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22. ESTIMATION OF POTASSIUM. 
As Potassium Platino-Chloride. 
(To be practised upon ‘2 gramme of pure KCl.) 


The solution is placed in a small porcelain basin, and mixed with a good 
excess of solution of platinic chloride. The whole is evaporated to dryness 
on a water bath kept at a temperature of about 94°C. When quite dry it is 
again digested with a few drops of platinic chloride solution, and taken up with 
alcohol. ‘The precipitate is collected on a weighed filter, washed with alcohol 
till the washings appear quite colourless, dried at 100° C., and weighed as 
PtCl4. 2K CL. 


23. ESTIMATION OF SODIUM. 
As Sodium Sulphate. 
(Practise upon ‘5 gramme of pure NaCl.) 


This method is only applicable where we have to deal with a sodium salt 
containing a volatile acid. The.solution is mixed with excess of sulphuric 
acid and evaporated in a weighed platinum basin. When fumes of sulphuric 
acid become visible, the basin is covered over with a lid (which has been 
weighed together with the crucible) and gradually heated till fumes cease. 
While red-hot the lid is lifted up a little, and a small lump of ammonium 
carbonate put in the crucible, which operation is repeated after a few minutes, 
and the residual NagSQx, is cooled and weighed. The object of introducing 
the ammonium carbonate is to remove the last traces of free sulphuric acid. 


24. ESTIMATION OF POTASSIUM AND SODIUM IN PRESENCE OF 
METALS OF FOURTH GROUP. 


(Practise upon the residue left on evaporating 1 litre of ordinary drinking- 
water, and redissolving in a little dilute HCl.) 


The solution is first of all precipitated with excess of barium chloride, 
which throws down sulphuric, phosphoric, etc., acids. Barium hydrate (or 
some milk of lime) is now added in slight excess, when any magnesia will 
also be thrown down. To the filtered liquid excess of ammonium carbonate 
is added, the precipitate is filtered out, and the fluid evaporated to dryness in 
a platinum crucible on the water bath. When quite dry, it is gently heated 
as long as white ammoniacal fumes are visible. The residue, which will now 
consist of alkaline chlorides, is, however, not quite fit for weighing, and must 
be purified. This is done by redissolving in water, and adding a little 
ammonium carbonate, when a slight precipitate will form. After filtering, 
the fluid is evaporated (this time in a tared platinum basin) on the water 
bath, and when dry the residue is gently heated to faint redness for a minute, 
cooled, and weighed. When no sodium is present it will now be pure 
potassium chloride ; but should it also contain sodium chloride, it must be 
redissolved, the potassium estimated by PtCly, and the sodium obtained by 
difference. This process is one of the most commonly occurring operations, — 
because it is required in every full analysis of water, and also of the ash of 
all vegetable and animal substances, where potassium and sodium have always 
to be estimated in presence of Ca, Mg, phosphates, etc. It is therefore a 
very important one to thoroughly master. 


| 
i 
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25. INDIRECT ESTIMATION OF POTASSIUM AND SODIUM. 


The weighed mixture of KCl + NaCl obtained as in 24 is redissolved in 
distilled water and titrated with #4, solution of argentic nitrate (see p. 116). 
The number of c.c. having been noted and multiplied by ‘003519, we obtain 
the amount of Cl present in the mixed chlorides. If now all this Cl had 
been present as KCl, every 35‘19 Cl would represent 74’02 KCl, but if present 
as NaCl, then 35'19 Cl would equal 58°07 NaCl, thus showing a theoretical 
difference of 15°95, which we will call d. We therefore first calculate :— 


74'02 x Cl found 
35°19 
From this we deduct the actual weight of the mixed chlorides found, and 
obtain a practical difference, which we will call d’. Then :— 


=x grammes, if all KCl. 


<2 Su = the weight of NaCl present in the mixed chlorides. 
and by deducting this from the total mixed chlorides the balance is KCl. 


26. ESTIMATION OF AMMONIUM. 
As Ammonium Platino-Chloride. 


If the solution contains other basylous radicals, a known quantity of it is 
distilled with some slaked lime in a suitable apparatus, and the distillate 
received into dilute hydrochloric acid. About three-fourths is distilled over. 
The distillate is then evaporated to dryness with excess of pure platinic 
chloride (free from nitro-hydrochloric acid). The dry residue is now treated 
with a mixture of two volumes of absolute alcohol and one of ether, collected 
on a weighed filter, washed with the said ether mixture, dried at 100° C., 
and weighed as PtCly 3 2NH,Cl. 

A less expensive method is to distil the ammonia into a known bulk of 
volumetric acid, and then check back with volumetric soda, so are the 
_ amount of acid neutralised by the ammonia. 


DIVISION Ill. GRAVIMETRIC ESTIMATION OF 
ACID RADICALS. 
1, ESTIMATION OF CHLORIDES. 
As Argentic Chloride. 
(Practise upon ‘5 gramme pure NaCl.) 


The solution containing the chloride is precipitated with argentic nitrate. 

Nitric acid is then added, and the whole stirred till the liquid is perfectly 

clear. The precipitate is mow treated as directed (see Silver, p. 142). After 
_ weighing the chloride it is calculated to Cl. 


2. ESTIMATION OF IODIDES, 
3. ESTIMATION OF BROMIDES, 
4. ESTIMATION OF CYANIDES. 


The process for each of these is practically the same as for chloride. The 
argentic cyanide is, however, collected and weighed upon a weighed filter. 
The argentic iodide and bromide are treated like the chloride; but # a filter 
is used, it must be a weighed one. The filter is afterwards ‘reweighed, and 
the increase in weight is the amount of argentic iodide or bromide carried 
on to the filter during the washing by decantation. 
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5. ESTIMATION OF AN IODIDE IN THE PRESENCE OF A CHLORIDE 
AND A BROMIDE. 


By Palladium. 


The solution, slightly acidified, is precipitated with excess of palladious 
chloride. The whole is then allowed to stand in a warm place for twenty-four 
hours, so that the precipitate may thoroughly settle. The supernatant liquor 
is poured off, and the precipitate having been collected on a filter, and 
washed, is placed in a weighed platinum crucible and ignited. The whole 
is then again weighed, and the weight, less that of the crucible and filter ash, 
equals the amount of metallic palladium left after ignition, which x 2°396 = 
the amount of iodine in the weight of the sample taken for analysis. 


Note.—A method for estimating chloride in the presence of bromide will be found 
on page 116. 


6. ESTIMATION OF SULPHIDES. 
By Conversion into Sulphate. 
(Practise upon *5 gramme of purified “ black antimony.”) 


Fuse with a large excess of a mixture of potassium nitrate and carbonate, 
extract the fused mass with water, filter, acidulate with hydrochloric acid, add 
excess of barium chloride, and proceed as for a sulphate ; but calculate at the 
last to sulphur instead of sulphuric acid. Some sulphides can be attacked 
by dissolving in nitric acid with the addition of successive small crystals of 
potassium chlorate. Excess of hydrochloric acid is added, and the whole 
having been evaporated to dryness, the residue is then boiled with dilute 
hydrochloric acid, filtered, and the filtrate precipitated with barium chloride. 


7. ESTIMATION OF SULPHATES. 
As Barium Sulphate. 
(Practise upon *5 gramme of MgSO, . 7H20.) 


The solution is acidulated with hydrochloric acid, excess of barium chloride 
is added, and the whole boiled. When quite clear a little more barium 
chloride is added, to ascertain whether all the sulphate has precipitated. The 
precipitate is now treated precisely as in the barium estimation (page 149) and 
the resulting BaSQ, is calculated to sulphate. 


8. ESTIMATION OF NITRATES. 
(4) In Alkaline Nitrates. 


If nitric acid be required to be estimated in, say, ordinary nitre, the sample 
must first be heated to fusion to remove moisture, and then be quickly 
powdered. A weighed quantity of it is now mixed in a platinum crucible with 
(exactly) four times its weight of plumbic sulphate. The mixture is ignited 
till it ceases to lose weight, when the loss will just represent the amount of 
nitric anhydride in the sample taken for analysis. 

The reaction is represented by the following equation :— 


PbSOg + 2KNO3 = PbO + K.SOq + 2NO, + O. 


Fe ee 


) 
| 
| 


ESTIMATION OF PHOSPHATES. 153 


(B) By Conversion into Nitric Oxide. 
Already described at page 133. 


(C) By Conversion into Ammonia. 


The nitrate is converted into ammonia by the action of nascent hydrogen, 
thus :— 


HNO, on 4H: — NH; + 3H,0. 


The nascent hydrogen may be applied in various ways, as follows :— 

1. By distillation with sodium hydrate and metallic aluminium, and 
receiving the evolved ammonia into a known volume of normal 
standard acid. 

2. By acting on the nitrate for 12 hours with zinc or iron and dilute 
sulphuric acid, and then adding excess of sodium hydrate, and 
distilling off the ammonia into a known volume of normal 
standard acid. 

The standard acid used is then titrated by normal standard sodium hydrate, 
and the excess of acid started with, over that of alkali now used, gives the 
number of c.c. of standard acid neutralised by the ammonia. This number 
multiplied by 06258 = HNO; present, or by 05364 = N,Os. 


9. ESTIMATION OF PHOSPHATES. 
(A) Estimation of the Strength of Free Phosphoric Acid. 


I gramme of the acid is evaporated in a weighed dish with 2°5 grammes of 
PbO; the dry residue is ignited and its weight noted. ‘Thus treated, strong 
B.P. acid should yield 2‘98 grammes and the diluted acid *6 gramme of residue. 


(B) As Magnesium Pyrophosphate in Alkaline Phosphates, 
(Practise upon *75 gramme of pure NagHPO,. 12H,20.) 


Ammonium hydrate and magnesia mixture are added in excess, and the 
precipitate is treated as directed under Magnesium (page 149). Should the 
solution contain meta- or pyro-phosphates it must either be previously boiled 
with strong nitric acid for one hour, or be fused with potassium sodium car- 
bonate. : 


(C) As Magnesium Pyrophosphate in the Presence of Calcium and 
Magnesium. 


(Practise upon ‘5 gramme of pure Ca3(PO,)2 dissolved in dilute HCl.) 


The solution (which must contain orthophosphoric acid, or, failing that, 
should be boiled with HNO, as above) is precipitated with ammonium hydrate, 
and the precipitate is redissolved in the smallest amount of acetic acid. The 
calcium is then removed by adding excess of ammonium oxalate, and the 
filtrate having been evaporated to a bulk not exceeding 3 ounces is cooled, 
treated with excess of ammonium hydrate and magnesia mixture, and the 
precipitate is collected as already described for magnesium (page 149). This 
process is suitable for determining the “soluble phosphates” in an artificial 
manure. 
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(D) As Magnesium Pyrophosphate in the Presence of Iron and 
Aluminium. 


(Practise upon ‘75 gramme of B.P. Ferri phosphas dissolved in dilute HCl.) 


The solution is mixed with excess of ammonium acetate, boiled, and ferric 
chloride added till a dark-brown precipitate forms. This is washed with 
boiling water and redissolved in a small quantity of dilute HCl. About five 
grammes (or more) of citric acid are now introduced, and ammonium hydrate 
is added to the whole in large excess, and, after cooling, magnesia mixture, 
the precipitate being treated as for magnesium. If the addition of excess of 
NH,HO does not produce a clear lemon-yellow solution, then enough citric 
acid has not been added. 


(Z) Estimation as Phosphomolybdate. 


If necessary, the acid solution is heated and precipitated with HS to 
remove arsenic. The excess of H2S is boiled off, and large excess of nitric 
acid is added. An excess of ammonium molybdate and ammonium nitrate 
dissolved in nitric acid is now poured in,* the liquid boiled, and finally allowed 
to stand for some hours ina warm place. The precipitate is filtered off, washed 
with dilute alcohol until free from acidity, redissolved in dilute ammonium 
hydrate, the solution evaporated in a weighed dish on the water bath and the 
residue dried in the water oven. Its weight + 28°5 =P,QO; present. ‘This 
process is the best for determining small amounts of total phosphates in cast 
iron, waters, and soils. 


10. ESTIMATION OF TOTAL AND SOLUBLE PHOSPHATES IN AN 
ARTIFICIAL MANURE OR OF TOTAL ONLY IN SOIL. 


(A) Total Phosphates. 


About 2 grammes of the finely powdered substance are weighed accurately, 
transferred to a beaker and decomposed with HCl, and where necessary with 
the addition of a drop or two of HNQO3. The solution is then evaporated to 
dryness in a water bath, taken up with HCl, and after digestion the insoluble 
silicious matter is separated by filtration ; a weighed quantity of citric acid is 
added, the solution heated up nearly to boiling point, and a weighed quantity 
of ammonium oxalate added. The quantities used must vary with the 
substance under examination, the knowledge only being acquired by 
experience ; but it is seldom necessary to add more than 2 grammes citric acid 
or 2°5 grammes ammonium oxalate. The free acid is then just neutralised 
with dilute ammonia, and acetic acid added, to decidedly acid reaction. The 
liquid is kept simmering for a few minutes with constant stirring, and after 
standing a short time the calcium oxalate is filtered out. Great care must 
be observed not to have too large an excess of ammonium oxalate present, as 
magnesium oxalate in an ammoniacal solution is somewhat easily precipitated. 
To the filtrate ammonia of ‘880 sp. gr. is added to about one-fourth of the 
bulk ; and to the liquid, which must remain clear, or only slowly throw down 
a small precipitate, due to the magnesia present, magnesia mixture is added 
in moderate excess. The liquid must be set aside, with occasional stirring 
for the precipitate to form—the time required being principally determined 
by the quantity of alumina present. It is best, however, to allow it to stand 
over night, although in cases where the alumina is absent, or small, the pre- 


* This solution is prepared by dissolving 10 grammes of molybdic acid in 41°7 cc. of 
ammonia solution (‘96 sp. gr.), and then adding to 125 c.c. of nitric acid, sp. gr. 1°20. 


atte 
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cipitation will be found to be complete in two hours. The precipitate is then 
separated from the liquid by filtration, dissolved in as little HCl as possible, 
and reprecipitated with one-third of its bulk of ammonia. After allowing to 
stand for two hours with occasional stirring, it may be filtered, and after 
drying converted, by ignition in a weighed platinum crucible, into MgeP,0,, 
and weighed as such. 

The calcium oxalate is converted into CaCO; by gentle ignition, weighed, 
dissolved in HCl, and tested for P2O;, which may be present in small 
quantities, and if so it should be determined. 

The Mg2P20, is calculated to Ca;(PO,4)2 unless a full analysis is being 
made, when it is calculated to P.O;, and divided fro rata among the bases 
actually found to be in combination with it. 


Note.—Recent researches have shown that by the addition of a sufficiently large amount 
of citric acid, all the intermediate steps of the process are saved, it being only necessary 
to afterwards add the excess of ammonia and magnesia mixture. By this method, a 
large excess of citric acid having been first introduced, ammonia is added, and should no 
precipitate occur, it is followed by the magnesia mixture; but if even a cloud should appear, 
more citric acid must go in, until sufficient has been added to cause a perfectly clear solution 
on the subsequent addition of ammonia. The whole must stand in the cold for at least 
twenty-four hours before filtering off the precipitate of ammonium magnesium phosphate, so 
that, after all, no time is saved by the new method, but the risk of loss is less, because the 
intermediate filtration (to remcve calcium) is avoided. 


(B) Soluble Phosphates. 


Five grammes of the manure are well triturated in a mortar with distilled 
water, washed into a stoppered 250 c.c. flask, and made up to the mark with 
water. After standing with occasional shaking for two hours, 100 c.c. (= 2 
grammes of sample) is drawn off by a pipette into a beaker, 2 grammes of 
citric acid and 2°5 grammes of ammonium oxalate are dissolved in the liquid, 
which is then treated with ammonia, acetic acid, etc., as above described. If 
the amount of soluble calcium comes out low, the process should be repeated, 
using such a weighed quantity of ammonium oxalate as will just remove it 
from solution. This is because the great source of error in phosphate 
estimations is the use of excess of oxalate, causing the precipitation of 
magnesium oxalate with the magnesium ammonium phosphate. The 
adoption of the direct citric acid and ammonia method (given above) of 
course avoids any difficulty in this respect. The Mg2P20, is calculated to 
Ca,(PO,)2, and reported as “ phosphate made soluble.” 


11. ESTIMATION OF ARSENIATES. 


Arseniates are estimated precisely like phosphates; but the precipitate 
of ammonium magnesium arseniate is dried at 105° C. on a weighed 
filter, as already directed under Arsenic. The precipitate thus dried is 
(MgNH,AsOu,)2. H2O; or, for simplicity of calculation, MgNH4AsOg . 3H,0. 


12. ESTIMATION OF CARBONATES. 


A carbonate is estimated by the loss of weight it undergoes by the dis- 
placement of its carbonic anhydride by an acid. A small and light flask is 
procured and fitted with a cork through which passes a tube (c) containing 
fragments of calcium chloride (see fig. 35). A weighed quantity of the 
carbonate is introduced into the flask with a little water, and a small test-tube 
about two inches long is filled with sulphuric acid and dropped into the flask, 
so that, being supported in an upright position, none of the acid shall mix 
with the carbonate. The cork is put in, and the weight of the whole 
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apparatus having been carefully noted, it is inclined so as to allow the acid 
to run from the small tube into the body of the 
flask. Effervescence sets in, the carbonate is dis- 
solved, and the COs, escaping through the calcium 
chloride tube, is deprived of any moisture it might 
carry with it. When all action has ceased, and 
the whole has cooled, air is drawn through the 
apparatus to displace the remaining CO: and 
it is once more weighed. The difference between 
the two weights gives the amount of CO: evolved. 

A better apparatus is that figured (No. 36), in which c is the 
flask, a the tube to contain HCl to decompose the carbonate, 
and B a tube containing strong H2SO,, through which the evolved CO: 
must pass, and so be perfectly deprived of moisture. 


13. ESTIMATION OF BORIC ACID IN BORATES. 


This is best done by distilling off the boron in the form of methyl borate, 
and finally estimating it as calcium borate. The apparatus required is a 
distilling flask heated by a water-bath and fitted with a tap-funnel, the tube 
of which reaches nearly to the bottom of the flask. The side delivery-tube 
is attached to an upright condenser having a spiral worm and ending in a 
receiver standing in a dish of cold water and furnished with a set of bulbs 
containing dilute ammonia, to ensure against the escape of any methyl! borate. 

The weighed quantity of the boric acid (or borate) is put into the flask 
with as little liquid as possible, and 1 c.c. of nitric acid having been added, 
the whole is distilled to dryness. 10 c.c. of methyl alcohol are then 
introduced by the funnel and entirely distilled off, which operation is repeated 
four times. 2 c.c. of an equal mixture of nitric acid and water are again 
added, distilled off, and the treatment with methyl alcohol is continued until 
a drop of the distillate, absorbed into filter-paper, ceases to burn with a green 
flame. While this distillation is proceeding, some pure lime (10 grammes for 
every ‘5 gramme of borate taken) is put into a platinum dish, heated for some 
time over the blow-pipe, cooled under the desiccator and weighed. The 
weighed dish and lime having been placed on ice, the contents of the 
receiver and bulbs are added to it and, after standing for twenty minutes, 
the whole is very cautiously evaporated at a temperature below 59°C. The 
heat is then gradually increased until the mass is quite dry and the whole is 
finally ignited over the blow-pipe and weighed. ‘The increase in weight is 
the BO; from the weight of sample started with. 


14. ESTIMATION OF OXALIC ACID. 
As Calcium Carbonate. 


Fig. 35° 


The solution is made alkaline with ammonium hydrate and precipitated 
with calcium chloride. The precipitate is washed till free from chlorides, 
dried, ignited, and finally weighed as carbonate, as directed under Calcium 
(page 149). 

15. ESTIMATION OF TARTARIC ACID. 


As Calcium Oxide. 


The solution (which must contain no other bases than K, Na, or NHsg) is 
made faintly alkaline by sodium hydrate, and precipitated by excess of calcic 
chloride. The precipitate is washed with cold water, dried, ignited (with the 
blowpipe), and weighed as calcic oxide. 
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16. ESTIMATION OF SILICIC ACID. 
(A) In Soluble Silicates. 


By soluble silicates are meant those which are either soluble in water of 
in hydrochloric acid. The solution (which must contain some free HCl) 1s 
evaporated to dryness on the water bath, and the residue dried for an hour 
at 120° C. (248° F.). After cooling, the mass is moistened with strong hydro- 
chloric acid, and then boiled with water, thus leaving an insoluble residue of 
pure silica—SiO.—which is collected on a filter, washed, dried, ignited, and 
weighed. 


. (B) In Insoluble Silicates, 


These bodies must be decomposed by mixing a weighed quantity of the 
finely powdered substance with four times its weight of sodium potassium 
carbonate, and fusing the whole for about half an hour. (When alkalies have 
to be estimated, a separate special fusion must be made with barium hydrate, or 
pure lime mixed withammonium chloride, tnstead of the double carbonate.) The 
crucible must be well covered during fusion. After cooling, the residue is 
treated with dilute and warm HCl until effervescence ceases, evaporated to 
dryness, and treated as above described at 120° C. (248° F.), ete. 


DIVISION IV. GRAVIMETRIC SEPARATIONS. 


‘This department is beyond the scope of the present edition. When the student has practised 
all the contents of the book up to this point, he will already have a sufficiently general idea of 
chemical analysis to enable him to fix the line of work he desires to make his speciality. If 
this be mineral analysis, he must pass to a larger book, such as “ Fresenius,” to complete his 
knowledge. So as to give, however, some idea of how the preceding processes may be joined 
in performing the full analysis of a mixture, we take the following example, because it is a 
standard one, and give a sketch of the manner of working in performing :— 


The Full Analysis of the Mineral Contents of a Sample of Ordinary 
Potable Water. 


Step I. Take the total solid residue of 100:c.c. (calculated in grains per gallon) as directed 
in Chapter X., to serve as a check on the results ; then ignite and again weigh : loss = organic 
and volatile matter. 

Step II. Evaporate 2000 c.c. of the water to dryness in a large porcelain dish. Moisten 
the residue with Io c.c. of distilled water, and then add 200 c.c. of dilute alcohol ‘92 sp. gr. : 
having gently detached it all from the dish, filter and wash with similarly diluted alcohol till 
practically nothing more dissolves. This procedure is useful because it separates the salts 
present thus :— 

(a) The filtrate may contain all salts of K and Na, chlorides and nitrates of Ca and Mg, and 
the sulphate of Mg. 

(4) The insoluble residue may contain the sulphate and carbonate of Ca and the carbonate 
of Mg, together with any iron and silicious matter present. 

(1) Analysts of the filtrate. 

(a) Evaporate till the spirit is driven off, cool, transfer to a 200 c.c. flask, and make up to 
the mark with distilled water. Divide into two portions of 100 c.c. respectively, marking 
them A and B. 

(4) To a add NH,Cl, NH,HO and (NH,),C,O,, to precipitate the Ca, and estimate as 
usual as CaCO,. Calculate to CaO, and then x 2 = CaO present as Cl or NO,, in the 
original 2000 c.c. of water taken, 

(c) To filtrate and washings from (4), concentrated to 50 c.c. and cooled, add Na,HPO, 
to precipitate Mg, treat as usual, and weigh as Mg,P,O,;. Calculate to MgO, and then 
xX 2= MgO present as Cl, SO, or NO, in the original 2000 c.c. of water. 

(d) To B acidulate with HCl and add BaCl, to precipitate sulphate. Treat as usual and 
weigh as BaSO,. Calculate to SO,, and then X 2 = total SO, present in the original 2000 
t.c. of water taken in combination with K or Na. 
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(e) The filtrate and washings from (@) are evaporated to a low bulk rendered alkaline with 
pure Ca(HO),, the separation for alkalies given at page 150 gone through, and the K and Na 
present both estimated as chlorides. Results X 2 = total K and Na present in the 2000 c.,c. 
of water started with. 

(/) The residue from (¢) is dissolved in a little water, and the K estimated thereon by 
PtCl, in the usual manner and calculated to K,O (see page 150). An equivalent amount of 
KCI (calculated from this K,O) is then deducted from residue (¢), and the balance is NaCl, 
which is calculated to Na,O. 

(2) Analysis of the insoluble portion. 

(a) This is washed from the filter with distilled water and then boiled with 100 c.c. of H,O 
and HCl added till effervescence ceases. Any insoluble is filtered out, washed with boiling 
H,O, dried, ignited, and weighed = sé/icdous matter in the 2000 c.c. of water started with. 

(6) The filtrate and washings are warmed with a drop or two of HNO, and mixed with 
NH,Cl + NH,HO, and the iron estimated if present as Fe,O,, and result calculated to 
Fe = total Fe in the 2000 c.c. of water taken. e 

(c) Divide filtrate and washings into two equal parts, A and B. 

(¢) The portion A is precipitated with (NH,),C,O, and the calcium estimated as CaCO, 
and calculated to CaO. Result X 2 = total CaO as carbonate or sulphate in the original 
2000 c.c. of water taken. 

(e) The filtrate from (@) is concentrated to a low bulk, cooled, and Na,HPO, added with 
excess of NH,HO, and the Mg estimated as usual as Mg,P,O,, and calculated to MgO. 
Result X 2 = total MgO present as carbonate in the original 2000 c.c. of water. 

(f) The portion B is acidulated with HCl, and the sulphate estimated by BaCl,, weighed 
as BaSO,, and calculated to SO, Result xX 2 = total SO, in combination with Ca in the 
original 2000 c.c. of water. 

Step III. Evaporate 250¢c.c. of the water to a bulk of 2 c.c., and treat in the nitrometer to 
estimate the nitric acid (see page 134). Resulting NO calculated to N.O; and x 8 = total 
N,O, present in 2000 c.c. of water. 

Step IV. Take the amount of chlorides volumetrically (page 116) in 100 c.c. of the water. 
Result X 20 = Cl in 2000 c.c. of water. 

Step V. Calculation of results. 

(a) All our results being in grammes or fractions of the same from 2000 c.c. of water, each 
must be multiplied by 35, which will bring them all to grains per imperial gallon (parts in 
70,000). The analysis is then stated as follows (example taken from actual practice) :— 

A sample of water yielding 20°1 grains of total solids per gallon, of which *45 grain was 
** organic and volatile matter,” and the balance (19°65 grains) was mineral matter, showed on 
analysis :— 


(a) In the portion soluble in spirit : (2) In the portion insoluble in spirit : 
grains per gallon, grains per gallon. 

Potassium oxide . : 8), BRTOA. Calcium oxide . ‘ =. “9:30$3 
Sodium oxide : . . 1'4007 Magnesium oxide. ; - I'0000 
Chlorine : ; : mies Sulphuric anhydride. - %1°7647 
Sulphuric anhydride - *6803 Silicious matter . . + *2000 
Calcium oxide ‘ d + mone. Ferric oxide . : » "0500 
Magnesium oxide . ‘ - none. 

Nitric anhydride . ‘ .. Mone, ; Totalfound . — . 13°9837 


From this residue is now to be always deducted an amount of oxygen equivalent to 
the chlorine found, because all the bases have been calculated to oxides, while haloid salts 
contain no oxygen. The chlorine found is 1'2133, and— 

1'2133 X16 
I 

Performing the deduction, we have— 

13°9837 —'2737 = 13°7100 grains of solid matter actually found. 
The total residue, after driving off organic matter, was 19°65 grains per gallon, and the 
difference is due to CO, unestimated, thus :— 

19°65—13°71 = 5°94 grains of CO, per gallon. 
Adding now this CO, to the substances actually estimated, we get— 

Total substances found + CO, = 19 65, 

Actual residue found = 19°65, 
which proves our analysis to be correct. 

It now remains to calculate how these bases and acids are probably combined as salts 
actually present, by the following general rules of affinity, thus :— 

(a) Ln the portion soluble in spirit, (1) Any sulphuric anhydride will prefer the bases in 
the following order: K, Na, Mg. (2) Chlorine will prefer the bases in the same order 
after the SO, ts satisfied. "Therefore we first calculate our K,O to K,SO,, which gives “50 and 

_ uses up ‘2296 of our SO,, and the balance of SO, (*4507) we calculate to Na,SO, This gives 
‘80 Na,SO, and leaves 10604 Na,O not as sulphate and therefore existing as chloride. 


= ‘2737 oxygen, equivalent to Cl found. 
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Calculating accordingly, we get 2:00 of NaCl, which just uses up all our chlorine.. There- 
fore this portion contained altogether— 


Potassium sulphate : : : ; : *50 
Sodium sulphate . ; fae ; : 
Sodium chloride . : : 2°00 


() In the portion insoluble in spirit. (1) The SO, found will all be present as CaSO,, 
and the balance of CaO and all the MgO will be as carbonates. Therefore 1°7647 SO. 
calculated to CaSO, becomes 3'00 and uses up 1'2353 of CaO, leaving 6°16 to be calculated 
to CaCO,. This yields 11°00 CaCO,, and the 1°00 of MgO found, calculated to MgCO, 
gives 2:10. Thus this portion contains— 


Calcium sulphate . ; - . : j 3°00 
Calcium carbonate Ge Paks Shaves vee hs Vek REO 
Magnesium carbonate . . tie ae ae 


- Putting now the whole analysis together, we have— 


Potassium sulphate ° . ¢ "50 
Sodium sulphate . ° ° ie ‘So 
Sodium chloride . ° . : oe 2°00 
Calcium sulphate . aa hen F ° ‘ 3°00 
Calcium carbonate . . : -  Iroo 
Magnesium carbonate . . os we 210 
Ferric oxide - : ° . : 05 
Siltm . , Se ee ‘20 
Organic and volatile matter. . . 45 


Total residue 20°10 


CHAPTER: IX. 


ULTIMATE ORGANIC ANALYSIS. 


THIs process consists in estimating the amount of each element present in 
any organic compound, as distinguished from proximate analysis, which 
estimates the amounts of the compounds themselves. 


I. LIST OF APPARATUS REQUIRED. 


1. A combustion furnace, which is a series of Bunsen burners arranged in a frame 
so as to gradually raise a tube placed over them to a red heat. The tube lies 
in a bed made of a series of firebricks, which confine the heat and make it 
play all round the tube (see fig. 37). 

2. Combustion tubes made of hard glass, not softening at a red heat. These tubes 
are closed at one end by drawing out before the blowpipe and turning up. 
The mode of doing this is illustrated in fig. 38. 


c é y OY) 
’ Fig. 40. 


Fig. 38. 


3. U tubes packed with perfectly dry calcium chloride in small fragments, so as to 
allow the free passage of gases (illustrated in fig. 39), and hereafter referred 
to for brevity as “ CaCl, tubes.” 

4. Bulbs charged with strong solution of potassium hydrate (1 in 1), hereafter for 
brevity referred to as “ KHO bulbs.” Two common forms of such bulbs are 
illustrated in fig. 40. 

5. Bulbs for absorbing ammonia and intended to be charged with dilute acid of 
known strength, and hereafter referred to as “nitrogen bulbs” for brevity. 
Two common forms of such bulbs are illustrated in fig. 41. 

6. Graduated tubes closed at one end, to hold 50 c.c., and graduated from the closed 
end downwards in 74 of a c.c., used for collecting gases and measuring 
them after collection, hereafter referrred to as “ gas-collecting tubes” for 
brevity (fig. 42). 

7. A deep cylindrical vessel of glass filled with water and furnished with a thermo- 
meter dipping in the water; the whole sufficiently deep to permit of the 
entire immersion of the gas-measuring tubes, and wide enough at the top to 
admit the hand, as shown in fig. 43. This is hereafter called the “‘ measuring 
trough ” for brevity. 
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8 Glass towers, filled in one limb with fragments of CaCl, to absorb moisture, and 
in the other with fragments of soda-lime to absorb carbon dioxide. These are 
illustrated in fig. 44, and are used for freeing any air which may be caused to 
pass through them from moisture and CO,; hereafter called ‘‘ air-purifying 
towers ” for brevity. 


II. ESTIMATION OF CARBON AND HYDROGEN. 


I. Liebig’s Process.—This process is performed by heating a weighed 
quantity of the substance in a tube with some body readily parting with 
oxygen at a red heat, such as cupric oxide or plumbic chromate, by which 
the hydrogen and carbon of the organic body are respectively oxidised into 
water and carbonic anhydride. These products are passed first through a 
weighed tube containing calcium chloride, which retains the water, and then 
through a weighed bulb apparatus containing potassium hydrate, which absorbs 
the carbonic anhydride. After the experiment is finished, the increase in 
weight of the tubes is calculated thus: 

As H.O : Hy: : increase in CaCl, tube : x. 
As CO, : C:: increase in KHO bulbs: x. 
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Fig. 43. 


The details of the actual process are as follows :— 
(1) Preliminary steps. 

(a) Choose a combustion tube, drawn out and sealed at one end (fig. 38), about 
eighteen inches long and 4 to # inch in bore, and fit two corks to it, one 
whole and the other bored so as to be all ready to take the bulb end of the 
€aCl, tube (fig. 39), which must fit air-tight when pushed through the cork. 

. (8) Measure out sufficient CuO (powdered) to fill the combustion tube, and put it 
into a small pear-shaped hard glass flask over a good “ Bunsen ”’ to heat to dull 
redness and drive off all moisture. Then remove the source of heat, cork 
it up, and let it cool, 

(c) While the CuO is cooling weigh your CaCl, tube and your KIIO bulbs 
(fig. 40), and, having noted their respective weights, close the open ends by 
means of short pieces of black rubber tubing, having bits of glass rod put in 
to act as stoppers. 

(@) ‘4 gramme of KCIO, is then to be weighed out, powdered and heated gently 
in a porcelain capsule until it just fuses. The fused mass is crushed to 
powder by a glass rod and the capsule put under the desiccator. 

(e) *3 to *4 gramme of the substance is (if solid) weighed on a watch-glass and 
put under the desiccator. If liquid, a very minute stoppered tube (to be 
obtained at amy apparatus shop) is weighed, and having been filled with the 
liquid it is closed and again weighed, the difference being the weight of 
liquid taken. 

(/) Sufficient asbestos fibre to make a plug that will occupy about 4 inch of the 
combustion tube is heated to redness and cooled under the desiccator. 

(g) A long wire with a curled end is got ready. 
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(2) Charging the combustion tube. When the CuO has cooled suf- 
ficiently so that it can be handled, the KCI1O; is first dropped 
into the combustion tube and is followed by four inches of 
CuO (rapidly transferred from the flask with as little exposure 
to the air as possible). The weighed substance, if solid, is 
then dropped in, and immediately followed by another three 
inches of CuO. ‘The long wire is then used to mix the sub- 
stance through the upper six inches of CuO, taking care not 
to disturb the lower inch or the KCIO, (if a liquid only twa 
inches of CuO are put in, and then the bottle is dropped in 
and followed by five inches of CuO). The tube is now filled 
with CuO to within two and a half inches of its end; the 
asbestos is introduced so as to form a loose plug, leaving a 
space of an inch between it and the charge, and the tube is 
securely corked. It is then laid flat upon the table and tapped 
thereon until its contents settle down, so leaving a clear passage 
for any gases along the upper part of the tube, which is then 
placed in the furnace (fig. 37) with the corked end just pro- 
truding. The cork is removed and the CaCle tube is attached 
by means of the perforated cork (taking care to put the 
“bulbed” limb next the tube), and to the other end of that 
the KHO bulbs are attached by means of a piece of black 
rubber tubing, seeing that the larger side of the bulbs is next 
the CaCl, tube. The whole apparatus is now complete, and 
after testing it for air tightness of the cork and joints (by gently 
warming the inner side of the KHO bulbs so as to expel some 
of the air, and seeing that on cooling the liquid stands at a 
higher level in the inner bulb than before), we are ready to 
perform :— 


(3) Zhe Combustion. We first light the first six burners next the bulbs, 
and when the front part of the tube is red-hot we carefully 
light the other burners one at a time, so as to cause the heat to 
travel gradually backwards. The art is to so regulate our heat 
as never to produce bubbles of gas passing through the bulbs 
at a more rapid rate than can be distinctly counted. When 
the whole tube is red-hot, all except the last. inch, and the 
evolution of gas has practically ceased, we light the last burner 
and cause an evolution of oxygen from the KC1O, which clears 
the tube of any residual gases and carries them through the 
bulbs. The gas is then turned off, and when cooled the CaClg 
tube and KHO bulbs are detached and reweighed, and the 
increase noted in each case. 


{4) Calculation of results. The following is an example of the method 
of calculating; the substance under analysis being sugar- 


candy. 
Weight of sugar taken . PE ig TAN oO "475 gramme. 
Potash bulbs after combustion weighed . . + 79113 grammes, 
i »» before ” ‘3 . . . 78°382 "" 
Difference, due to CO, . * . "731 vs 
Calcium chloride tube after combustion weighed . 23°605 grammes. 
” ” before ” ” + 23°330 ” 


Difference, due to H,O . : ‘ ‘275 ” 
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(Hy) 2 X °275 _ 


(C) 12 X *731 . 
— td carbon. ————} = 03056 hydrogen. 
Total sugar taken . ° . . . : - °475 
Total Cand H found . 5 - 2 ° . ‘22996 
Difference, due to oxygen . - 124504 
Or, in percentage—Carbon . . . « « . « 41°98 
Hydrogen . . . ° . ° ; 6°43 
Oxygen . . : ° ° . «=. BESO 


Special Notes to the Foregoing Process. 


(az) Substances containing sulphur, phosphorus, arsenic, chlorine, or any halogen, 
are best mixed with fused and powdered plumbic chromate instead of cupric 
oxide, so as to avoid the formation of volatile cupric compounds. 

(2) When the substance also contains nitrogen, the front part of the combustion- 
tube must be plugged with a roll of bright copper gauze about four inches 
long instead of the asbestos. This is to reduce any oxide of nitrogen, which 
if allowed to pass into the potash would be absorbed and count as carbon 
dioxide. The copper, however, takes the oxygen, and only leaves nitrogen, 
which passes unabsorbed. 

(¢) Very refractory bodies, such as coal, starch, ete., are best burned with plumbic 
chromate, or should be done by the improved process, in a current of air or 
of oxygen, to be next considered. 


IJ. The Improved Modern Process.—The difficulty of Liebig’s method lies 
in the hygroscopic nature of CuO, which is so marked that it is scarcely 
possible to transfer it from the drying flask to the tube without getting some 
moisture, thus, of course, vitiating the hydrogen determination, to avoid which 
we proceed as follows :— 

A combustion tube, about twenty inches long and open at each end, is 
charged as shown. 


atte 5 ae RR 

Fig. 44A.--a is the front end, to which the CaCl, tube and KHO bulbs are attached ; a’ is the back end, 
to which a set of “air-purifying towers” (fig. 44) are attached; ¢ is a layer of granulated CuO, 
twelve inches long; g and g’ are small rolls of copper gauze, about half an inch long, to keep the 
CuO in its place; 6 is a platinum boat to contain the weighed substance, either solid or ina little 

tube as already described; g” is a roll of oxidised copper gauze, three and a half inches long. 
If the body also contains wtrogen, the roll g must be made of dright 
copper gauze, four inches long, thus nearly filling the empty space shown. 
To perform the process the tube is placed in the furnace, and a’ having 
been connected to the “towers,” they are in turn attached to a gasometer 
containing air or oxygen. ‘The roll g“ and the boat 4 having been withdrawn 
the layer of CuO is heated to redness, and a slow, steady stream of air or 
oxygen is passed from the gasometer. When the CuO is quite dry the air is 
stopped, the heat is reduced, the weighed tube and bulbs are attached to a, 
and the cork a’ having been opened, the boat and roll are replaced, and the 
whole again closed up, and the air gently turned on. The CuO having again 
been raised to a redness, the burner under the boat is lighted, and the heat 
cautiously applied, so as to gradually burn the substance entirely away. At 
the end of the process the air is stopped, and the CaCl, tube and KHO bulbs 
detached and weighed. Any number of combustions can be done one after 
another by simply re-oxidising the reduced CuO, by heating and turning on 
the air for a few minutes, and then proceeding again as before. This is the 


_ really practical method, and many analysts prefer to suck the air through, by 


means of an aspirator attached to the outer end of the KHO bulbs, instead 
of driving it from a gasometer. In using oxygen it is, however, always driven 
from one of the steel tubes in which it is sold in the compressed state. 
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III. ESTIMATION OF NITROGEN. 


The estimation of nitrogen in all compounds, not being nitrites or nitrates, 
is conducted as follows :— 

I. The Method of Varrentrapp Modified—This depends for its success 
on the fact that when nitrogenous substances are strongly heated with sodium 
hydrate they are decomposed, forming a carbonate and oxide with the oxygen 
from the hydroxyl, and liberating hydrogen, which then combines with the 
nitrogen to form ammonia. So as to prevent fusion of the glass tubes em- 
ployed, solution of sodium hydrate is evaporated to dryness with calcium 
oxide, and the resulting mixture, known as soda-lime, is heated to redness and 
preserved for use. 


(1) Preliminary steps :— 

(a) Choose a combustion tube, about fifteen inches long and a 
half-inch bore, drawn and sealed as in fig. 38, and fitted with a 
perforated cork to take the bulbs. 

(2) Measure out enough soda-lime to fill the tube and put it over 
the gas to get dry in a small basin and then cool under the 
desiccator. (If the soda-lime is already fresh and dry this is 
unnecessary, and we then only measure it out and put the 
quantity we want into a little dry stoppered bottle; but the 
quantity must always be measured, otherwise mistakes occur in 
filling the tube.) 

(c) Put a glass mortar and a funnel with its limb cut off close to 
the neck on the top of the oven to warm. 

(d) Put a little asbestos on to ignite, and then cool under the 
desiccator. 

(e) Measure 20 c.c. of equivalent seminormal volumetric acid from 
a burette into a beaker. Take the “nitrogen bulbs” (fig. 41), 
and by sucking at the wide end with the narrow point immersed 
in the acid, transfer as much of it as possible to the bulbs with- 
out loss, and then cover the beaker up and set it aside. 

(f) Weigh out -4 to 2 grammes of the substance according to its 
richness in nitrogen. ; 

(2) Charging the tube. This should be done over a sheet of glazed 
paper, so that anything spilt can be easily picked up without 
loss, and the short-ended funnel should be used to assist in) 
filling the tube. About an inch of our soda-lime is first put 
in, then half of it is pounded up in the mortar with the 
weighed substance and transferred to the tube. The mortar 
is then rinsed with some more soda-lime, and these rinsings 
having been poured into the tube it is filled up with soda-lime 
to within two and a half inches of the end. A plug of asbestos 
is then put in, so as to leave about one inch free space between 
it and the charge, and the tube is laid on the table and tapped 
to cause a channel for gases at the top, as already described 
above. 

(3) Combustion. The tube is placed in the furnace, and the bulbs — 
having been attached by the perforated cork the first four 
burners are lighted. When the front is red-hot, the heat is 
gradually passed back as already described, carefully regulating 
the evolution of gases. When all the tube is red-hot and 
gases cease to pass, a piece of black rubber tube is slipped 
over the exit of the bulbs, and, suction being applied to it, the 
drawn-out end at the back of the combustion tube is broken 
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with a pair of tongs. A current of air is thus caused to pass 
through and to sweep all residual gases into the bulbs. The 
gas is then put out, and when cool the bulbs are detached and 
we then proceed to— 


(4) Zhe titration. The contents of the bulbs having been rinsed 
back into the same beaker as originally contained the acid 
(set aside for this purpose), taking care to wash the bulbs 
well and add the washings to the beaker, litmus is added, 
and the whole is titrated with seminormal soda, made to 
exactly balance the acid, and, the number of c.c. used having 
been deducted from 20, the difference is the c.c. of acid 
neutralised by the ammonia given off during combustion. 
Now 1 litre of equivalent normal acid (B.P. strength) would 
neutralise 16°94 grammes of NH3 = 13'94 grammes of N; e.g. 
each c.c. would = ‘01394 N for normal acid, ‘00697 for semi- 
normal acid, or ‘003485 for quadrinormal ; therefore, multiply 
the number of c.c. of acid neutralised by one of these factors 
according to the strength of acid employed, and the answer 
gives weight of N in the weight of substance taken, which is 
then calculated to percentage. 


II. Original Method of Varrentrapp.—This was conducted in the same 
way, only the bulbs were charged with dilute HCl, and at the end of the 
combustion their contents were precipitated with PtCl, and the resulting pre- 
cipitate of PtCl, (NH,4Cl)z collected on a tared filter, dried at 100° C., weighed 
and calculated to Ne. 


III. The Process of Dumas.—This consists in measuring the amount of pure 
nitrogen evolved, and is suitable for certain organic bases and for compounds 
containing nitrosyl (NO) or nitryl (NO2), in which the soda-lime fails to con- 
vert all the nitrogen into ammonia. 

The combustion tube (which in this case is twenty-six to twenty-eight inches 
long) is packed (1) with six inches of dry sodium hydrogen carbonate ; (2) 
with a little pure cupric oxide; (3) with the weighed substance mixed with 
CuO ; (4) with more pure CuO ; and lastly with a considerable length of pure 
spongy metallic copper ; and the whole is closed by a good cork, through which 
passes a bent delivery tube, dipping under the surface of mercury in a small 
pneumatic trough. Heat is first applied to the very end portion of the 
NaHCoO,, until sufficient CO2 has been given off to entirely drive all the air 
out of the apparatus, which is ascertained by collecting a little of the gas 
passing off and seeing that it is entirely absorbed by solution of potassium 
hydrate. A graduated gas-collecting tube (fig. 42) is then filled, one-third 
with strong solution of K HO, and the remainder with mercury, and carefully 
inverted into the mercury trough so that no air is admitted, and placed over 
the mouth of the delivery tube. Combustion is now commenced at the front 
of the tube and gradually carried backwards as usual. The gases evolved are 
CO, and N, the former of which is absorbed by the KHO and the latter 
collects in the graduated tube. When the heat reaches the back, the remainder 
of the NaHCO; is decomposed, and the carbonic anhydride given off chases 
any trace of nitrogen out of the tube. The collecting tube is then closed by 
a small cup containing mercury, and transferred to the measuring trough 
(fig. 43), and entirely immersed therein. After leaving it until its contents 
have acquired the temperature of the water, it is raised so that the level of 
the water inside and outside the tube is equal, and the volume is read off. 
The temperature and pressure being noted, the weight of the nitrogen is 
obtained by the species of calculation already described at page 133, 
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IV. Kjeldahl’s Process.—This method is rapidly superseding combustion. 
It depends upon the fact that when most nitrogenous bodies are heated with 
excess of strong sulphuric acid their nitrogen is converted into ammonium 
sulphate, from which latter the ammonia may be liberated by excess of alkali, 
distilled off and titrated. No special apparatus is really required other than 
a hard glass flask and the usual distilling arrangements; but where rapidity, 
combined with accuracy, is desired, the following special arrangements 
should be provided. 

(1) Hard glass long-necked flasks, purchaseable as ‘‘ Kjeldahl’s flasks.” 

(2) A stand to hold the flasks in an inclined position over Bunsen burners. 

(3) A distilling arrangement constructed as follows : A copper flask, capable of holding 
500 c.c., is fitted with a rubber cork, through which passes the bottom end of a 
** Soxhlet” tube. The other end of this tube is closed by a rubber cork, pierced 
by two holes ; through one of these passes the stem of a tapped funnel, and through 
the other the end of a block-tin tube, $ inch in diameter, which is carried up to an 
altitude of 18 inches, and then brought down again, its other end passing through 
a rubber cork into a tapered glass connector, dipping to the bottom of a receiving 
flask, which latter is placed in a vessel of cold water. In this apparatus the 
‘Soxhlet ” acts as an anti-spurting appliance, and the use of a metal flask enables 
very rapid distillation to be performed. The receiving flask should be marked 
at 300 c.c., and should have a total capacity of about 400 c.c. 

From o*2 to 2‘o grms. of substance is taken (according to its richness 
in nitrogen), and is placed in a Kjeldahl flask, with 20 c.c. of strong sulphuric 
acid (free from nitrous compounds), and *75 gramme of red mercuric oxide. 
The flask is placed on the stand and heated up to nearly the boiling-point of 
the acid for ten minutes. If the liquid should tend to become clear, no 
further addition is needed; but if it be still black, 5 to 10 grammes of 
potassium sulphate are added and the heating continued. When the liquid 
has become clear and colourless, or nearly so, the flask is allowed to cool, 
200 ¢.c. water is added, and the whole poured into the funnel of the distilling 
apparatus. A further quantity of about 200 c.c. of water is used to rinse 
out the flask, and is also poured into the funnel, followed by 75 c.c. of 50 
per cent. sodium hydrate solution and 20 c.c. of a 4 per cent. solution of 
potassium sulphide. The soda is to neutralise the sulphuric acid, and the 
potassium sulphide to prevent the formation of mercur-ammonium com- 
pounds. The stop-cock of the funnel is closed, and 50 c.c. of decinormal 
sulphuric acid having been placed in the receiving flask, the distillation is 
proceeded with. When the liquid in the receiver has risen to the mark the 
distillation is stopped, and its contents are titrated with decinormal alkali, 
using methyl-orange indicator. ‘The number of c.c. of alkali used is deducted 
from 50, and the balance multiplied by *oo1394 = nitrogen in the weight of 
substance started with. This nitrogen x 6°33 = the proteids present. 


IV. ESTIMATION OF CHLORINE. 


Chlorine is estimated by combustion of the substance in a tube filled with 
pure calcium oxide, when the chlorine displaces oxygen and turns part of the 
oxide into calcium chloride. After combustion the contents of the tube are 
dissolved in diluted nitric acid, filtered, and the Cl precipitated by argentic 
nitrate. (See Gravimetric Estimation of Chlorine, p. 151.) 


V. ESTIMATION OF SULPHUR AND PHOSPHORUS. 


Sulphur and phosphorus are estimated by fusing about 2 grammes of the 
solid substance in a silver crucible, with 24 grammes of pure potassium 
hydrate and 3 grammes of pure potassium nitrate. After fusion the sulphur 
and phosphorus (which have been converted into sulphates and phosphates 
respectively) are estimated by dissolving the residue in water, slightly acidu- 
lating with hydrochloric acid, and precipitating as usual. (See Gravimetric 
Estimation of Sulphates and Phosphates, p. 152.) 


CHAPTER X. 


THE ANALYSIS OF WATER, AIR, AND FOOD. 


DIVISION I. THE SANITARY ANALYSIS OF WATER. 


In the present state of our knowledge it is an open question whether a 
chemical analysis alone will under any circumstances enable a definite opinion 
to be formed as to the safety of any water supply unless supplemented by a 
bacteriological investigation. The latter, however, being evidently out of the 
province of this work, the chemical points are now given guantum valeant. 


1. Collection of the Sample. 


This is to be taken in a clean, stoppered “ Winchester quart” bottle, 
previously entirely filled with the water, and emptied before finally filling up 
and introducing the stopper. The sample should be kept in a dark place, 
and analysed with as little delay as possible. 


2. Colour. 


This is to be judged by looking at a column of water in a colourless glass 
tube 2 feet long, and held over white paper. The presence of a greenish- 
yellow colour is an adverse indication. 


3. Odour. 


An 8-ounce wide-mouthed stoppered bottle, free from odour, is half filled 
with the water, warmed in the water bath to 38° C., shaken, and then the 
stopper is removed and the odour instantly noted. Peaty waters, and those 
containing marked amounts of sewage, can frequently be thus detected by 
a practised nose. 


4, Suspended Solids. 


Pass a litre of the turbid water through a dried and tared filter. Dry the 
filter and deposit at 120° C. and weigh. The gain in weight of the filter 
is the weight of suspended matter in a litre of water. 


5. Total Solid Residue. 


Heat a platinum basin of about 130 c.c. capacity to redness, cool it under 
the desiccator, and weigh. Introduce too c.c. of the water, and evaporate 
over a low gas flame until reduced to about 10 c.c.; then place it on the 
water bath till dry. Finally, heat it in the air bath at 105° C. until it 
ceases to lose weight, cool under the desiccator, and weigh. Having deducted 
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Le 


the tare of the basin, the difference in milligrammes x 10 = total residue in 
parts per million, or the same X 7 + 10 = grains per gallon. Example :— 


Weight dish + residue . ° - 89°336 
Tare of dish . : . . . 89°300 
036 or 36 milligrammes ; 
367 
then = 25'2 grains per gallon. 
10 


The residue should now be gradually heated to redness, and the presence 
of organic matter carefully looked for as indicated by charring; also the 
nature of the same, by whether the odour on burning is purely carbonaceous 
(like burning sugar) or nitrogenous (like burning hair). This latter is an 
especially unfavourable indication. 


6. Chlorine. 


Solutions required : 


(a) 4°789 grammes pure crystallised argentic nitrate, dissolved in 1000 c.c. of dis- 
tilled water. Each c.c. of this solution = ‘ool (ome mzlligramme) of chlorine. 

(6) 5 grammes potassium chromate dissolved in 100 c.c. distilled water, and a weak 
solution of argentic nitrate dropped in until a slight permanent red precipitate 
is produced, which is allowed to settle in the bottle. 


Process.—Put 100 ¢.c. of the water into a white basin, add a few drops of 
the chromate solution, and titrate with the silver solution from a burette, 
graduated in +’, of c.c., until a faint permanent change of colour is produced, 
as already described (Chap. VII., p. 115). Note the number of c.c. used, 
multiply by 10, and the result will be chlorine in parts per million, or multiply 
by 7 and divide by 10, which will give grains per gallon. The water itself 
must be perfectly neutral; if acid it must be first shaken with a little pure 
precipitated chalk. The presence of a large amount of chlorine with 
excessive ammonia and albuminoid ammonia indicates that the organic 
impurity is, probably, of animal origin. 


7. Nitrogen as Nitrates, 


(a) Crum Process.—250 c.c. of the water are evaporated to a small bulk, 
the chlorine precipitated with saturated solution of argentic sulphate, filtered, 
and the filtrate concentrated in a basin to 2 c.c. A nitrometer (see p. 133) 
is charged with mercury, and the three-way stopcock closed, both to measuring 
tube and waste-pipe. ‘The concentrated filtrate is poured into the cup at the 
top of the measuring tube, and the vessel which contained it rinsed with 1 c.c. 
of water, and the contents added. ‘The stopcock is opened to the measuring 
tube, and, by lowering the pressure tube, the liquid is sucked out of the cup 
into the tube. The basin is again rinsed with 5 c.c. of pure strong sulphuric 
acid, and this is also transferred to the cup and sucked into the measuring 
tube. The stopcock is once more closed, and 12 c.c. more sulphuric acid 
put into the cup, and the stopcock opened to the measuring tube until 10 c.c. 
of acid have passed in. The excess of acid is discharged, and the cup and 
waste-pipe rinsed with water. Any gas which has collected in the measuring 
tube is expelled by opening the stopcock and raising the pressure tube, taking 
care no liquid escapes. The stopcock is closed, the measuring tube taken from 
its clamp and shaken by bringing it slowly to a nearly horizontal position and 
then suddenly raising it to a vertical one. This shaking is continued until no 
more gas is given off, the operation being complete in fifteen minutes. Now 
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prepare a mixture of one part of water with five parts of sulphuric acid, and let 
it stand to cool. After an hour, pour enough of this mixture into the pressure 
tube to equal the length of the column of acidulated water in the working tube, 
bring the two tubes side by side, raise or lower the pressure tube until the 
mercury is at the same level in both tubes, and read off the volume of the 
nitric oxide. ‘This volume, expressed in c.cs. and corrected to normal tem- 
perature and pressure, gives, when multiplied by ‘175, the nitrogen in nitrates, 
in grains per gallon, if 250 c.c. of the water have been used. According to 
' some authorities the precipitation of the chlorides is not necessary. 

(6) Copper-Zine Process—This must be carried out as follows :—A wet 
copper-zinc couple is prepared by taking a piece of clean zinc foil, about 3 in. 
by 2 in., and immersing it in a solution of copper sulphate, containing about 
3 per cent. of the pure crystallised salt. A copious and firmly adherent 

coating of black copper is speedily deposited upon the surface of the zinc, 
which must be allowed to remain in the solution until the deposit is thick 
enough, but not for too long a time, or it will become pulverulent and 
not adhere firmly to the zinc—three or four minutes will generally be 
sufficient. 

The zinc coated with copper must then be removed from the solution and 
the couple thoroughly washed, first with distilled water, and finally with the 
water to be analysed, in order that this may replace the adhering distilled 
water. It is then put into a clean 6- or 8-ounce wide-mouthed stoppered glass 
bottle, and covered with 100 c.c. of the water to be analysed. If the water be 
very soft a small addition, say one part per 1000, of sodium chloride will 
accelerate the reaction. ‘The stopper must then be inserted in the bottle and 
the water allowed to remain overnight in a warm place. If still greater speed 
be necessary the temperature may be raised to 90° or 100° F. (32° or 38° C.). 
With hard water it is preferable to add a small quantity of pure oxalic acid, to 
precipitate the lime and quicken the reaction. When the reduction is complete 
the fluid contents of the bottle are to be transferred to a retort with 200 c.c. 
of ammonia-free distilled water, and, the retort having been attached to a 
condenser, the contents are distilled till the distillate which comes over gives 
no colour with “ Nessler.” The distillate is then ‘‘ Nesslerised,” as already 
described (Chap. VII., page 136), and the number of milligrammes of NH3 
found are calculated to N (x 14 + 17), and then the resulting milligrammes 
of N x 7 + 10 = grains per gallon, or x 10 only = parts per million. 


8. Nitrites. 


Solutions required :— 


1. Dilute sulphuric acid (1 of acid to 2 of water). 

2. 5 grammes of metaphenylenediamine, and sufficient sulphuric acid to form an acid 
reaction dissolved in 1000 c.c. of water. 

3. 0°406 grammes of pure dry silver nitrite dissolved in hot water, adding pure 
sodium chloride so long as a precipitate is formed, diluting to 1000 c.c. with 
water, and setting aside to deposit its silver chloride. 100 c.c. of the clear 
liquid are then diluted to 1 litre. 1 c.c. of this solution contains ‘or milli- 
gramme N.QO,. 


_- Process. —Put 100 c.c. of the water in a glass cylinder, and add 1 c.c. each 
of solutions 1 and 2. Prepare three other cylinders by diluting 5 c.c., 1 c.c., 
and 2 c.c. respectively, to 100 c.c. with pure water, and adding 1 c.c. each of 
solutions 1 and 2. Compare the shade of the water cylinder with that of the 
_ others, as described under “ Nesslerising.” The amount of NO; in the water 
_ is equal to that of the comparison cylinder having the same shade. 
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9. Ammonia and Albuminoid Ammonia. 


These two indications are successively taken on the same quantity of water. 
The former is an estimation of the ammonia present in the water in the form 
of ammonium salts or similar compounds readily decomposed by a weak 
alkali, while the latter shows the ammonia derived from the decomposition of 
nitrogenous organic matter under the joint influence of an oxidising agent 
(KMn2Og) and a hydrating agent (K HO), and is therefore a measure of the 
nitrogenous, and consequently presumably dangerous, organic matters con- 
tained in the water under examination. 


The solutions and apparatus required are :— 


(a) Sodium carbonate. 
A 20-per-cent. solution of recently ignited pure sodium carbonate. 


(6) Alkaline potassium permanganate solution. 
Dissolve 200 parts of potassium hydrate and 8 parts of pure potassium per- 
manganate in 1200 parts of distilled water, and boil the solution rapidly till 
concentrated to 1000 parts, cool, and keep in a well-stoppered bottle. 


(c) Distilled water which ts free from ammonia. 

Distilled water which gives no reaction with Nessler test is pure enough. But, if 
this is not available, take the purest distilled water procurable, add pure ignited 
sodium carbonate in the proportion of I part per 1000, and boil briskly until 
at least one-fourth has been evaporated. 


(¢d) A 40-ounce stoppered retort, with a neck small enough to pass loosely into the 
internal tube of a Liebig’s condenser to the extent of 6 inches (see illustration, 
Chap. I., page 4). The joint between the retort and condenser is made by 
an ordinary india-rubber ring—such as those used for the tops of umbrellas— 
which has been previously soaked in a dilute solution of soda or potash, being 
stretched over the retort tube in such a position that when the retort tube is 
inserted in the condenser it shall fit fairly tightly within the mouth of the tube 
about half an inch from the end. 


(e) All the materials for ‘‘ Nesslerising” (see Chap. VII., page 136). 
The process is as follows :— 


(a) For ammonia.—First test a little of the water with tincture of 
cochineal, to see if it shows an alkaline reaction. Put 500 c.c. of distilled 
water into the retort, and distil until 50 c.c. of the distillate gives no colour 
with 13 c.c. of Nessler, thus rendering the whole apparatus “ ammonia-free.” 
Let the whole cool, pour out the distilled water (which may be saved for 
ammonia-free water), put in 500 c.c. of the water to be analysed, and, if it has 
not an alkaline reaction, make it alkaline with a drop or two of the sodium car- 
bonate solution. The distillation should then be commenced, and not less 
than roo c.c. distilled over. The receiver should fit closely, but not air-tight, 
into the condenser. The distillation should be conducted as rapidly as is 
compatible with a certainty that no spurting takes place. After roo c.c. have 
been distilled over, the receiver should be changed, that containing the distil- 
late being stoppered to preserve it from access of ammoniacal fumes. 100 c.c. 
measuring-flasks make convenient receivers. The distillation must be con- 
tinued until 50 c.c. more are distilled over ; and this second portion of the 
distillate must be tested with Nessler’s re-agent to ascertain if it contains any 
ammonia. If it does not, the distillation for free ammonia may be discon- 
tinued, and this last distillate rejected ; but, if it does contain any, the distilla- 
tion must be continued still longer, until a portion of 50 c.c., when collected, 
shows no coloration with the Nessler test. The whole of the distillates 
must be mixed together and “ Nesslerised” in the usual manner, and the total 
number of milligrammes of ammonia found are multiplied by 2, which gives 
milligrammes per litre (parts per million). This number in turn multiplied 
by 7 and divided by 100 gives grains per gallon of ammonia. ed de 
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(6) For albuminoid ammonia.—As soon as the distillation above referred to 
has been started, 50 c.c. of the alkaline potassium permanganate solution are 
placed in a basin with 150 c.c. of distilled water, and boiled gently during the 
whole time that the free ammonia 1s distilling, adding some ammonia-free 
water if necessary, to prevent too much concentration. [The object of this is 
to ensure the entire evolution of any trace of ammonia present in the alkaline 
permanganate, thus avoiding a check analysis, as usually recommended.] At 
the same time a few fragments of clay tobacco-pipe are put into a platinum 
dish, heated to redness, and then kept warm till required for use. When the 
distillation of the ammonia is complete, take out the stopper of the retort and 
pour in the boiled alkaline permanganate by means of a perfectly clean funnel 
with a long limb ; then remove the funnel and drop in the fragments of clay 
pipe. Now replace the stopper and continue the distillation, when the 
albuminoid ammonia will begin to come over. After 200 c.c. have been 
distilled, change the receiver and take off 50 c.c. at a time, as already described, 
until the last 50 comes over ammonia-free. Mix the distillates, “ Nesslerise ” 
and calculate as for the ammonia, noting the total result as albuminoid 
ammonia in parts per million or grains per gallon. Great care must be taken 
that no ammonia is kept in the room devoted to water analysis, and that all 
receivers used are first insured to be perfectly ammonia-free by proper rinsing 
with ammonia-free water and testing with Nessler. 


| 


10. Oxygen required to oxidise the Organic Matter. 


Solutions required :— 


(a) Standard solution of potassium permanganate. 

Dissolve 395 parts of pure potassium permanganate in 1000 of water. Each c.c. 

contains ‘ooo1 gramme available oxygen. 
(4) Potassium iodide solution. 

One part of the pure salt recrystallised from alcohol, dissolved in 10 parts distilled 
water. 

(¢) Dilute sulphuric acid. 

One part by volume of pure sulphuric acid is mixed with three parts by volume of 
distilled water, and solution of potassium permanganate dropped in until the 
whole retains a very faint pink tint, after warming to 27° C. for four hours. 

(2) Sodium hyposulphite. 
One part of crystallised sodium hyposulphite dissolved in 1000 parts of water. 
(e) Starch water. 

One part of starch to be intimately mixed with 500 parts of cold water, and the 

whole briskly boiled for five minutes, and filtered, or allowed to settle. 


The Process—Two separate determinations have to be made: zzz., the 
amount of oxygen absorbed during 15 minutes, and that absorbed during four 
hours ; both are to be made ata temperature of 27° C. It is most convenient 
to make these determinations in 12-0z. stoppered bottles, which have been 
rinsed with sulphuric acid and then with water. Put 250 c.c. of the water 
into each bottle, which must be stoppered and immersed in a water-bath 
until the temperature rises to 27° C. Now add to each bottle 10 c.c. of the 
dilute sulphuric acid, and then 1o c.c. of the standard potassium permangan- 
ate solution. Fifteen minutes after the addition of the potassium perman- 
ganate, one of the bottles must be taken from the bath, and two or three 
drops of the solution of potassium iodide added to remove the pink colour. 
After thorough admixture add from a burette the standard solution of sodium 
hyposulphite, until the yellow colour is nearly destroyed, then introduce a few 
drops of starch water, and continue the addition of the hyposulphite until 
the blue colour is just discharged. If the titration has been properly con- 
ducted, the addition of one drop of potassium permanganate solution will 
restore the blue colour. At the end of four hours remove the other bottle, 
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add potassium iodide, and titrate with sodium hyposulphite, as just described. 
Should the pink colour of the water in the bottle diminish rapidly during the 
four hours, further measured quantities of the standard solution of potassium 
permanganate must be added from time to time, so as to keep it markedly 
pink. The hyposulphite solution must be standardised, not only at first, but 
(since it is liable to change) from time to time in the following way :—To 
250 c.c. of pure redistilled water, acidulated with 10 c.c. acid as before, add 
two or three drops of the solution of potassium iodide, and then 1o c.c. of 
the standard solution of potassium permanganate. ‘Titrate with the hypo- 
sulphite solution, as above described. The quantity used will be the amount 
of hyposulphite solution, corresponding to 10 c.c. of the standard potassium 
permanganate solution, and therefore representing 1 milligramme of oxygen 
consumed. The difference between the number of c.c. of hyposulphite used 
in the blank experiment and that used in the titration of the samples of 
water multiplied by the amount of available oxygen contained in the perman- 
ganate added (= 1 milligramme if 10 c.c. have been used), and the product 
divided by the number of c.c. of hyposulphite corresponding to the latter as 
found by the check experiment, is equal to the amount of oxygen absorbed 
by the water. : 

Finally, the amount in milligrammes of oxygen absorbed, thus found, is 
multiplied by 4 for parts per million, and that result x 7and + roo = grains 
per gallon. 


ll. Clark’s Process for Hardness. Total Zefore doiling and permanent 
after boiling. ° 

Solutions, etc., required :— 

(a) Standard solution of calcium chloride, 

Made by dissolving 1 gramme of pure calcium carbonate in the smallest excess of 


hydrochloric acid, then carefully neutralising with dilute ammonia, and 
making the solution up to a litre with distilled water. 


(6) Standard soap solution. 

Dissolve 10 grammes of air-dried white Castile soap, cut into thin shavings, in a 
litre of dilute alcohol (sp. gr. 0'949). 

To determine whether this solution contains the proper amount of soap, I0 c.c. of 
the solution of CaCl, are diluted with 60 c.c. of water, and the soap solution 
added till a persistent lather forms on agitation, If 11 c.c. of the soap 
solution have been used, it has the proper strength. If a greater or less 
quantity, it must be concentrated or diluted to proper strength. The soap 
solution, if turbid, must be shaken before using, but not filtered. 

The Process.—(a) For total hardness. Put 70 c.c. of the water into the 
bottle, of 250 c.c. capacity, and add the soap solution gradually from a burette. 
After each addition of soap solution, the bottle is shaken and allowed to lie 
upon its side five minutes. This is continued until, at the end of five 
minutes, a lather remains upon the surface of the liquid in the bottle. At 
this time the hardness is indicated by the number of c.c. of soap solution 
added, minus one. If magnesium salts are present in the water the character 
of the lather will be very much modified, and a kind of scum (simulating a 
lather) will be seen in the water before the reaction is completed. ‘The 
character of this scum must be carefully watched, and the soap test added 
more carefully, with an increased amount of shaking between each addition. 
With this precaution it will be comparatively easy to distinguish the point 
when the false lather due to the magnesium salt ceases, and the true persistent 
lather is produced. If the water is of more than 16° of hardness, mix 35 c.c. 
of the sample with an equal volume of recently boiled distilled water, which 
has been cooled in a closed vessel, and make the determination on this 
mixture of the sample and distilled water. 
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(2) For permanent hardness. 'To determine the hardness after boiling, boil 
a measured quantity of the water in a flask briskly for half an hour, adding 
distilled water from time to time to make up for loss by evaporation. It is 
not desirable to boil the water under a vertical condenser, as the dissolved 
carbonic acid is not so freely liberated. At the end of half an hour, allow the 
water to cool, the mcuth of the flask being closed ; make the water up to its 
original volume with recently boiled distilled water, and, if possible, decant 
the quantity necessary for testing. If this cannot be done quite clear, it must 
be filtered. Conduct the test in the same manner as described above. 

The hardness is to be returned in each case to the nearest half-degree. 


12. Judging the Results. 


No definite rule can be laid down for judging all the results on one 
uniform scale, because the analyst ought to have special information as to the 
locality, nature of the soil, or depth of the well, before giving an opinion. 
For example, nitrates, which have in river and shallow surface waters the 
highest significance, as indicating the presence of previous sewage contamina- 
tion, entirely lose such force in waters from deep artesian wells, because these 
are naturally rich in such salts. The same thing may be said of ammonia, 
which, although highly unfavourable in shallow waters, is yet always found in 
artesian wells, most probably from the metal pipes acting as reducing agents 
upon the nitrates. Again, with upland peaty waters we always find a large 
reduction of permanganate, and consequently an excess of “‘oxygen consumed,” 
although the organic matter so acting cannot be viewed as dangerous. 

Setting aside, however, all questions of mineral constituents and only 
looking at the indications of the presence or absence of organic matter, the 
author has devised a valuation scale, originally presented by him in a paper 
read before the Society of Public Analysts, and which has proved since that 
time as nearly correct as any general scale can be. The principle is to divide 
the amount of each figure found in the analysis by a fixed divisor, and where 
the quotient exceeds 10 to double all figures over that number. Let us suppose 
that, for example, a water yielded ‘or2 grain of albuminoid ammonia per 
gallon, and that the divisor fixed for this indication is ‘oo07 ; then we have— 

‘O12 
*0007 
therefore 14°2 + 10 = 24'2, indicated degree of impurity. 

To prevent the production of enormous figures, likely to startle non-pro- 
fessional persons, the indicated degree of impurity is expressed as a decimal 
by dividing it by 100. Thus, it is only when the article is very bad indeed 
that the indication comes into full numbers. 

Taking, then, the whole scale, it stands as follows :— 


=17'1; then 17°71 — 10 = 7°1, and 7"1 X 2= 14°23 


GRAINS PER GALLON. 


Ammonia . : Jpeph able . ; . each ‘oo15 =I. 
Albuminoid Ammonia . : ‘ ‘ Wh th gige SOOO] Te 
Oxygen consumed in 15 minutes . > Big NOOR OE 
Oxygen consumed in 4 hours : . 6g ON 2 


PARTS PER MILLION. 


Ammonia . : > : = 3 » each ‘02 =I. 
Albuminoid Ammonia . i = e AEM 2: Mates 
Oxygen in I5 minutes . ; . . ey ayer O57 = I. 
Oxygen in 4 hours e : ; Selon asia Rae 


When any number exceeds 10, then all over 10 is to be doubled and added 
to the original number, and the total valuation is to be divided by 100 and 
noted as “comparative degree of organic impurity.” Then, supposing no 
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other consideration intervenes to modify the analyst's opinion of the sample, the 
following limits should be observed :— 


Ist Class Water . : : : : . up to*25 degree. 
2nd ,,  ,, (more or less questionable) . upto'*5o ,, 
Undrinkable Water . ; ; ss . pverr’ AO iA5 


DIVISION II. THE SANITARY ANALYSIS OF AIR. 


For definite sanitary purposes it is really necessary to make a bacteriological 
as well as a chemical examination, but the former being outside the scope of 
this book, only the latter is considered. The chief points are :— 


1. Testing for Gaseous Impurities. 


The odour will call attention to these when present in notable proportions. 
Blotting paper dipped: (a) in tincture of turmeric, and introduced into the 
bottle containing the suspected air, turns red-brown in presence of ammonia ; 
(4) in solution of subacetate of lead—black with sulphuretted hydrogen, or 
the vapour of ammonium sulphide ; (c) in solution of sodium nitroprusside— 
purple with the vapour of ammonium sulphide, but no colour with H2S ; (¢) 
in solution of potassium iodide mixed with starch paste—blue with chlorine 
or ozone or nitrous acid ; (e) red litmus paper dipped in solution of potassium 
iodide—blue with ozone, but not with chlorine or nitrous fumes. A few drops 
of: (a) weak solution of indigo introduced into the bottle is decolourised by 
chlorine and sulphurous acid; (4) solution of barium chloride containing 
nitric acid is rendered turbid by sulphurous acid; (c) solution of argentic 
nitrate is rendered turbid by chlorine and not by nitrous fumes; (d) lime 
water is rendered slightly turbid by ordinary air, but becomes strongly milky 
with air containing an excess of carbonic acid. Air which is simply “foul” 
from sewage impurities or overcrowding will have a very characteristic 
“heavy ” smell, and will decolourise a few drops of a zeak solution of potas- 
sium permanganate, and will also show an excess of carbonic acid. 


2. Estimation of Carbon Dioxide. 


This is done by the method of Pettenkofer, which consists in standardising 
roo c.c. of lime (or baryta) water with standard oxalic acid 2°25 grammes per 
litre, of which 1 cc. = ‘oor (1 milligramme of CaO). The air to be 
examined having been collected in a large bottle of known capacity, 100 c.c. 
of the same lime water are added, the bottle is closed, and well shaken for 
some time. The COz is absorbed, forming CaCO3. The resulting milky 
liquid is allowed to settle, and 50 c.c. are drawn off clear and immediately 
titrated with the same acid. The indicator is turmeric paper, or phenol- 
phthalein, and the number of c.c. of acid used is multiplied by 2. The 
difference between the two titrations gives the amount of CaO precipitated as 
carbonate by the CQOg in the air, and this is then calculated thus :— 


c.c. used K “OOI X 44 _ 
56 
In strict analyses, the volume of air taken must be corrected for observed 


temperature and pressure to its volume at N.T.P. Normal air contains about 
*o4 per cent. of COs. 


CO, present in the volume of air taken. 


3. Estimation of Organic Matter. 


A known volume of air is sucked by an aspirator through a specially 
arranged apparatus containing ammonia-free distilled water, and the resulting 
liquid is analysed for “ free” and “ albuminoid ” ammonia like a water. 
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DIVISION III. FOOD ANALYSIS. 


Here we will only attempt to consider a few of the more commonly occur 
ring cases, always choosing the simplest and most rapid process. 


1, Milk. 


(1) Specific Gravity. Take the specific gravity at 60° F. If not at 60°, 
take the temperature and refer to the annexed table to get the true gravity at 
60°, which will be found in the column opposite the observed gravity and under 
the observed temperature. 


(2) Total Solids. Heat a small flat platinum dish about 14 inch in 
diameter to redness, cool it under the desiccator, and weigh. Put in 5 c.c. 
of the milk and again weigh. The difference = milk taken. Now transfer 
to the drying oven at 100° C. for 6 hours, cool under the desiccator and weigh. 
Put it back in the oven for an hour, repeat the cooling and weighing, and 
if the difference does not exceed a milligramme or two it is dry; if it does, 
then repeat the drying. The weight of the dish and dry residue minus the 
tare of the dish equals the total solids, which x 100 and + by weight of milk 
taken = per cent. of total solids. 


(3) Fat. Is got by using “Richmond’s milk slide rule,” an instrument 
constructed to automatically calculate by the following formula thus (7’'= 
total solids: G = specific gravity: “= fat) :-— 


— ‘254 G=1'164 F. 
Deducting the fat thus found from the total solids, we get the *‘ solids not fat.” 


In event of the sample being the least sour, or when we are dealing with 
absolutely skimmed or “separated” milk, the rapid process above givén fails. 
It is then necessary to extract the fat as follows :—10 grammes of the milk are 
weighed in a porcelain dish, 30 grammes of plaster of Paris are stirred in, and 
the whole is placed upon the top of the water bath and stirred occasionally till 
it appears dry. (When the sample is sour 2 drops of strong /guor ammonia 
are to be added to the milk in the dish before stirring in the plaster.) The 
mass is well powdered and introduced into a narrow-mouthed 8-ounce bottle 
with a well-fitting stopper, and 140 c.c. of pure ether having been rapidly 
poured in, the bottle is closed, shaken at intervals during two hours, and 
finally set aside in a cool place to settle during the night. In the morning, 
if the plastered milk was not over-dried, it will be found quite easy to pour 
off 70 c.c. of the ether perfectly clear into a weighed flask, from which the 
ether may then be distilled off, and the residual fat dried at 100° C. and weighed. 
The weight of fat found x 20 = percentage of fat in sample. Some 
analysts prefer to place the plastered milk in a paper cartridge and exhaust 
it with ether in the “ Soxhlet’s tube ” (see Chap. I., p. 2), while others cause 
the milk to be soaked up into a roll of blotting paper, dried thereon, and then 
extracted in the ‘‘ Soxhlet” with ether. This latter is the official process of 
the British Society of Public Analysts, but with ordinary milk nothing is so 
simple and good as the gravity, solids, and formula. 


(4) Added Water. The limit for the strength of milk is at present based 
upon that of the poorest possible natural milk. Average milk will show :— 


Fat ° . . 3°00 
Solids not fat . . . 960 


. Total 12°00, 
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If, however, a milk has only— 


Fat . . . 30 
semsuatht ". =. 8S 


Total 11's, 


it will not be considered as definitely proved to be adulterated. In calculating 
the amount of water added the “solids not fat” are used for the basis of 
calculation because they are a fairly constant quantity, the fat being variable. 
The amount of pure standard milk present in any sample may be calculated 
thus :— 

Solids not fat_x_10 “oe X 100 _ % of pure milk present, 


and the difference between this result and 100 is, of course, added water. 


(5) Ash. The total solids in the platinum dish are burned over a low 
flame at du// redness till quite white, and the ash is weighed. The ash 
should be about ‘7o %, and it will never, as a rule, fall below °67 in an 
unwatered milk. 


(6) Preservatives are frequently addedto milk, the favourite ones being 
boric acid and formalin, which can be detected as follows :— 


(a) Formalin (formic aldehyd, 40 %) is detected by diluting the sample 
in a test tube with an equal volume of water, and then carefully running strong 
sulphuric acid down one side of the tube, so that about an inch layer of it 
forms at the bottom. On now gen//y agitating a violet shade will appear at 
the point of contact of the two liquids if formalin be present. 


(6) Boric acid is detected in the ash of the milk by moistening with a drop 
or two of strong sulphuric acid, then adding alcohol and setting it on fire, 
when it will burn with a green flame in presence of boric preservative. To 
estimate the quantity we evaporate 100 grammes of milk to dryness, in a 
platinum dish, with 2 grammes of sodium hydroxide, and having thoroughly 
charred the residue we treat it with 20 c.c. of water and add HCl drop by 
drop till nothing more dissolves. We then wash from the dish into a Ioo c.c. 
flask, taking care not to use more than 30 c.c. of water, and we then add °5 
gramme solid CaCle. To this we then add a few drops of phenol-phthalein, 
and drop in ro per cent. solution of sodium hydroxide until a slight pink is 
produced, and then having added 25 c.c. of lime water, we make the whole 
up to the 100 c.c. mark and filter through a dry filter. To 50 c.c. of this 
filtrate (= 50 grammes milk) we add / sulphuric acid till the colour is dis- 
charged, then add methyl-orange indicator, and continue to add the acid till 
a faint pink is produced, and lastly we drop in % alkali till the liquid assumes 
the yellow tinge. At this stage all acids other than boric likely to be present 


are in a state neutral to phenol-phthalein. The solution having been cooled, 


is mixed with some phenol-phthalein and 33 % of glycerine (to set free boric 
acid), and is titrated with ¥ alkali, each c.c. of which consumed = ‘o124 


crystallised boric acid in 50 grammes of milk, and this x 2, = per cent. 


(7) Sour Milks that will not readily become homogeneous should have one 
drop of liguor ammon. fort. added to each ounce, before shaking, when a 


sufficiently fair sample will be generally obtainable for analysis. Sour milks 


are generally from ‘2 to *3 too low in the “solids not fat,” and the results are 


not really properly comparable with those from fresh milk, so caution is 
necessary in forming opinions on sour samples, unless the departure from the 
_ standard is very marked. , 
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2. Butter. 


The only really serious adulteration of butter consists in mixing it with 
other fats of lower commercial value. Such a mixture may be legally sold if 
labelled “ margarine.” 

The butter is to be first melted in a beaker on the top of the water bath, 
when it will gradually separate with a top layer of clear butter-fat, and a 
bottom one of water and curd. If the top layer of fat does not become quite 
clear it must be filtered through a dry filter placed over a beaker inside the 
water oven, but it will often clear sufficiently to enable enough to be poured 
off without filtering, and, speaking generally, the better the butter the more 
easily the fat will clarify. 

Having thus got the actual fat ready for analysis we counterbalance a small 
flask of about 250 c.c. capacity, and having a mark at 150 c.c., and weigh into 
it 5 grammes of the clarified fat and then add 50 c.c. of a solution of potassium 
hydrate in alcohol (S.V.R.) having a strength of 30 grammes per litre (3 per 
cent.). The flask having been closed by a cork through which passes a 
piece of narrow glass tube, its contents are heated on the water bath, with 
constant agitation, until the fat is entirely dissolved. The flask is then 
attached to a condenser, and the alcohol entirely distilled off. The residual 
soap thus left in the flask is dissolved in a little hot water, and 25 c.c. of 
diluted sulphuric acid of 5 per cent. strength having been added, the whole 
is made up by distilled water to the 150 c.c. mark. A few fragments of 
recently ignited pipe-clay having been dropped in, the flask is connected to 
a short condenser and the contents distilled until the distillate measures 
1oo c.c. ‘This distillate is then filtered, and a few drops of solution of 
phenol-phthalein having been added the whole is titrated with decinormal 
solution of sodium hydrate or with vigintinormal baryta water, which latter 
is preferred by some analysts ; 5 grammes of pure butter-fat thus treated yields 
a distillate requiring not less than 25 c.c. of decinormal soda, while lard, 
tallow, and the other solid animal fats do not take more than 1‘5 c.c. The 
only fat coming anywhere near butter is cocoa-nut fat, which takes about 
7 ¢.c., because it also contains fatty acids, volatile at the heat of boiling 
water. To calculate the amount of butter present in any mixture we multiply 
the number of c.c. of soda used by 100 and divide by 25. Certain excep- 
tional butters having been met with, during the winter months, which only 
consumed 2r c.c., no definite expression of opinion can safely be given unless 
the article takes less than that number of c.c. of decinormal soda. 


3. Taking the Alcoholic Strength of Spirits, Tinctures, Wines, Beer, and 
all Alcoholic Liquids. 


If the sample is simply one of pure diluted alcohol we ascertain its specific 
gravity, taking care that the temperature of the liquid is exactly 60° F. We 
then look at the annexed table and find the strength of the spirit. It, how- 
ever, frequently happens that it is not possible to get the sample exactly to 
60° F., and in such a case we must carefully note the temperature at which 
we worked and make a calculated correction for the expansion of the spirit, 
based on the following data :— 

If the spirit be.above 70 per cent. of apparent strength, then we must add 
*ooos to the specific gravity for each degree F. that the spirit was above 


ee a 


a 
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j (3) Table for ascertaining the percentages respectively of Alcohol by 
Weight, by Volume, and as Proof Spirit, from the Specific Gravity. 


Absoute }Absolute} proof || Specitic | Absolute | Absolute Procf Specific | Absolute} Absolute} proof 


sn Alcohol | Alcohol | Spiri i Alcohol | Alcohol |. i ‘ Alcohol }, Alcohol iri 
Srea'. (29, waht iy vine! per cent|| rea" Fy weght ty vote] per cat. || a ax: (8F Web vol per cot 
I7000} O00} OO}; OO *928 | 45°50] 53°15 | 93°2 "859 75°50 81°70 | 143°2 
999 | 0°55| 065] O17 || °927/ 45°95| 53°65] 941 "858 | 75°50 | 81°95 | 143°8 
998 | 105] 30} 2°4]| "926 / 46°40] 54°10] 94°8 *857 | 76°30 | 82°40 | 1444 


997 | 160] 200] 3°5 |] *925| 46°90} 5460] 956 "856 | 76°70 | 82°75 | 1450 
996 | 2°15] 2:70] 4°9)| 924] 47°30] 55°10] 965 855 | 77°15 | 83°15 | 145°6 
995 | 2°75] 3°50] O61 || “923] 47°80] 55°55| 97°4 "854 | 77°55 | 83°45 | 146'2 
994 | 330] 415| 7°2|| ‘922 | 48°25] 56°05 | 98-2 853 | 78°00 | 83°80 | 146°7 
993 | 390] 4°90 86 || -g21 | 48°65 | 56°50 | 99°0 "852 | 78°40 | 84°15 | 147°4 
992 | 450] 5°65] 9°9|} *920| 49°15 | 56°95 | 998 851 | 78°80 | 84°45 | 148'0 
‘991 } 5:15] 6'40| x12 |——_———_———-—_|_ 850 | 79°20 | 84°84 | 148°6 
*990|° 5°75 | 715] 126 ‘9198 | 49°25 | 57°05 | 100°0PS "849 | 79°60 | 85°15 | 140'1 
*989| 640] 8:00] 14'1 ——_—_———_—_—— || -848 | 80°05 | 85°50 | 149°7 
’ "5 || ‘919 | 49°65 | 57°40 | 100°6 "847 | 80°45 | 85°90 | 150°3 
"918 | 50°10 | 57°90 | 101°5 80°80 | 86°15 | 150°9 

‘917 | 50°55 | 58:40; 102°3° || “845 | 81:20 | 86°50 | 151°5 
"916 | 51°00 | 58°85 | 103°1 | 844 | 81°65 | 86°80 | 15271 
915 | 5145 | 59°30] 103°9 | °843,| 82°00 | 87:10 | 152°7 
"914 | 51°90 | 59°75 | 104°7 "842 | 82°45 | 87°45 | 153°2 
“913 | 52°35 | 60°15 | 105°5 841 | 82°80 | 87°75 | 153'8 
"912 | 52°80 | 60°65 | 106°5 *840 | 83°20 | 88°05 | 154°3 
‘QIT | 53°25 | 51°05 | 107°0 "839 | 83°60 | 88°35 | 154°9 
"QI | 53°65 | 61°50 | 107°8 "838 | 84:00 | 88°65 | 155°4 
"G09 | 54°10 | 61°95 | 108°5 ‘837 | 84°40 | 89°00 | 156°0 
"908 | 54°55 | 62°40 | 109°3 "836 | 84°80 | 89°30 | 156°5 
"907 | 54°95 | 62°80 | II0°O "835 | 85:20 | 89°60 | 157°1 
"906 | 55°45 | 63°30 | I10°9 "834 | 85°60 | 89.95 | 157°6 
"905 | 55°90 | 63°70 | 1116 *833 | 85°95 | 90°25 | 1581 
"904 | 56°35.| 64°10 | 112°3 "832 | 86°35 | 90°55 | 1586 
"903 | 56°75 | 64°55 | 1131 "831 | 86°75 | 90°35 | 159°1 
‘902 | 57°20 | 65°00 | 113'9 "830 | 87°15 | QI10 | 159°7 
"QOI | 57°60 | 65°35 | 114°6 829 | 87°50 | 91°40 | 160°2 
‘g00 | 58:05 | 65°80 | 115°4 “|| -828 | 87-90 | 91°70 | 160°7 
"899 | 58°55 | 66°30 | 116°2 ‘827 | 88°30 | 92°00 | 161'2 
"898 | 58°95 | 66°65 | 116°8 *826 | 88°65 | 92°30 | 161°7 
897 | 59°35 | 67°05 | 117°5 "825 | 89°05 | 92°55 | 162°2 
"896 | 59°85 | 67°55 | 118°4 "824 | 89°50 | 92°90 | 162°8 
‘895 | 60°30 | 68°00 | I19'2 "823 | 89°90 | 93°25 | 163°4 
"894 | 60°70 | 68°35 | 119°8 *822 | 90°25 | 93°50 | 163°9 
"893 | 61°10 | 68°75 | 120°5 821 | 90°65 | 93°75 | 164°3 
"892 | 61°55 | 69°15 | 121°1 *820 | 90°95 | 94°00 | 164°7 
*891 | 62°00 | 69°96 | I21°9 *819.| 91°35 | 94°25 | 1651 
‘890 | 62°45 | 69°95 | 122°6 "818 | 91°70 | 94°50 | 165°6 
"889 | 62°85 | 70°25 | 1233 "817 | 92°05 | 94°75 | 166°! 
‘888 | 63°25 | 70°75 | 124°0 "816 | 92°45 | 95°00 | 166°5 
*887 | 63°70 | 71°20 | 124°7 "815 | 92°80 | 95°25 | 167°0 
*886 | 64°15 | 71°60 | 125°4 814 | 93°20 | 95°50 | 167°4 
"885 | 64°55 | 71:90 | 126°0 813 | 93°55 | 95°80 | 167°9 
"884 | 65°00 | 72°35 | 1263 812 | 93°95 | 96°10 | 168°4 
"883 | 65:40 | 72°75 | 127°5 "811 | 94°30 | 96°35 | 168°8 
"882 | 65°80 | 73°15 | 1282 "810 | 94°60 | 96 55 | 169°2 
881 | 66°25 | 73°50 | 1289 “809 | 94°95 | 96°80 | 169°6 
*880 | 66°65 | 73°90 | 129°6 *808 | 95°30 | 97°05 | 170°0 
"879 | 67°05 | 74°30 | 130°2 "807 | 95°70 | 97°25 | 1704 
878 | 67°55 | 74°70 | 130°9 "806 | 96°00 | 97°50 | 170°8 
877 | 67°95 | 75°10 | 131°6 "805 | 96°35 | 97°70 | 171-2 
876 | 68:40 | 75°45 | 132°2 "804 | 96°70 | 97°95 | 1716 
‘875 | 68°80 | 75°80 | 1329 "803 | 97°03 | 98°15 | 172°0 
874 | 69°20 | 76°15 | 133°5 "802 | 97°35 | 98°40 | 172'4 
"873 | 69°65 | 76°60 | 134°3 "Sor | 97°70 | 98°55 | 172°7 
"872 | 70°05 | 76°95 | 134°9 "800 | 98:00 | 98°75 | 173°! 
"871 | 70°50 | 77°35 | 135°6 "799 | 98°35 | 99°00 | 173° 
‘870 | 70°85 | 77°65 | 1361 "798 | 98°65 | 99°20 | 173° 
"869 | 71°30 | 78°10 | 136°6 "797 | 98°95 | 99°40 | 174° 
"868 | 71°75 | 78°45 | 137°4 "796 | 99°30 | 99°55 | 174°4 
"867 | 72°20 | 78°75 | 1381 "795 | 99°60 | 99°75 | 1748 
866 | 72°55 | 79°15 | 138°8 : 
*865 | 73°00 | 79°55 | 139°4 
"864 | 73°45 | 79°95 | 1401 
‘863 | 73°80 | 80°25 | 140°7 Absolute Alcohol. 
862 | 74°25 | 80°60 | 141°3 
861 | 74°70 | 81°00 | 141°9 
*860 | 75°10 | 81°35 | 142°6 "7938 100°00| 100°00]175°25 
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60° F., or we must deduct the same amount for each degree that the spirit 
was below 60°. ‘This will now give the real gravity at 60° F., and a reference 
to the table will show the true strength. If the spirit is below 70 per cent., 
we must then use smaller amounts to add or deduct as follows :-. 


Under 70 but over 40 add or deduct ‘0004 for each degree F, 


9° 40 ” 25 ” "0003 99 ”? 
9 25 » I5 9? “0002 9° ” 
ay ot BO ee. 9s ° >» “ooo! ” »” 


When we are operating on a wine, tincture, or other complex alcoholic 
liquor, the spirit it contains must be distilled off and the specific gravity 
of the distillate ascertained. To do this we take 50 c.c. of the sample, and 
having carefully taken its temperature and noted the same, we transfer it to 
a small retort attached to a condenser, rinsing out the measuring flask with 
two successive quantities of 5 c.c. each of distilled water. We then place the 
same measuring flask at the end of the condenser and distil until 40 c.c. have 
passed over. t10c.c. of distilled water are now to be added to the contents 
of the retort, and the distillation is to be continued until very nearly 50 c.c. 
have been distilled over. The temperature of this distillate having been 
brought to the same degree as that at which the sample was measured, 
distilled water is to be added exactly up to the 50 c.c. mark. By this means 
it is possible to obtain a volume of pure spirit of precisely the same strength 
as the sample, and we finally take the specific gravity of the same and apply 
the tables as above directed. Some chemists prefer to distil off three-fourths 
of the sample, and having taken the specific gravity of the distillate, to add 
some water and distil off the remaining fourth, taking its gravity separately, 
and finally adding the results both together. 


4. Bread and Flour. 


Take 1o grammes of the bread in a weighed platinum dish, and dry it in the 
water oven for 3 hours at a temperature of 100° C. Good bread should not 
lose more than 44 per cent. of its weight. Now place the dish over the Bunsen 
burner and heat it to redness until it is reduced to a uniformly greyish-white 
ash and again weigh. This ash should not weigh more than 1°5 per cent. of 
the original bread. 

Note.—Both bread and flour are very difficult to burn, and it is better to first char them to 


amass of coke, then to remove this mass to a glass mortar and powder it, and finally to 
return the powder to the platinum dish to finish. 


Acidity. Put 20 grammes of bread (or 10 grammes of flour) into an 8-oz. 
wide-mouthed stoppered bottle, and pour in 200 c.c. of rectified spirit ; close 
the bottle and let it stand some hours. Then pour off 100 c.c. of the clear 
liquor, add a drop of solution of phenol-phthalein and run in decinormal 
solution of soda until a pink tint is produced. Good fresh bread or flour 
should not require more than 1 c.c. of the soda solution to render it alkaline. 


Alum, Mix together 5 c.c. of freshly prepared tincture of logwood with 
5 c.c. of a saturated solution of official carbonate of ammonia and 50 c.c. of 
water, and at once pour it on toa mass of the bread taken from the inner 
portion of the loaf. If a fair adulteration of alum be present a slate-blue 
colour will be produced, but if the amount of alum be small (say less than ro 
grains per 4-lb. loaf) then the colour will only appear after gently warming on 
the top of the water oven for some time. If the presence of alum be shown 
by this test, its amount must be estimated as follows :—100 grammes of the 
bread are burned to ash in a platinum dish, and when cold 5 c.c. of fuming 
hydrochloric acid are added, and the dish having at once been covered by a 
glass plate the whole is allowed to stand for 15 minutes; 25 c.c. of water are 
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then added to the dish and its contents are gently boiled for five minutes and 
filtered. The insoluble matter (chiefly silicious matter and clay) having been 
washed and the washings added to the filtrate, the latter is mixed with 5 c.c. 
of strong liquor ammoniz and 40 c.c. of acetic acid. The ash of bread 
being rich in phosphoric acid, the precipitate thus produced will consist of 
aluminium phosphate with some ferric phosphate ; and such precipitate must 
then be filtered off, washed, dried, ignited, and weighed. If this precipitate 
does not exceed 5 milligrammes it is not worth going farther, but if it does, 
we must then proceed to estimate the iron present in it by the colourimetric 
method given at page 126. The ferric chloride solution used should contain 
an amount of iron equivalent to one-tenth of a milligramme of ferric phosphate 
in each c.c. After the iron has been estimated and deducted from the 
original weight of the precipitate, each milligramme remaining may be taken 
as representing one grain of alum per 4-lb. loaf. 

Alum and other mineral impurities added to flour are best detected by 
shaking up some of the sample with chloroform in a separatory funnel, and 
then letting it stand, when the flour will float on the top, and the sand, alum, 
and other mineral matters will sink to the bottom. 


5. Mustard. 


This is chiefly a microscopical matter for the exact identification of impuri- 
ties, but the following chemical operations may be performed :— 


(1) Test a cooled decoction for starch with solution of iodine. 

(2) If starch be found, extract a weighed portion in the “ Soxhlet ” 
with petroleum spirit or ether. Distil off the spirit, dry and 
weigh the oil. Mustard contains as an ordinary minimum 
33 4 of oil, and the amount of genuine mustard in the sample 
will then be found thus :— 


% of oil found _x 100 _ x 

33 ; 

by deducting this from 100 the difference is added starch or 
flour. 


(3) Moisten the mustard with a little ammonia, when the turmeric 
brown will be developed if that colouring agent be present. 


genuine mustard ; 


6. Pepper. 


Mineral Impurities. Weigh out 10 grammes of the sample in a tared 
platinum dish and ignite it to a perfect ash, as already described under bread, 
and weigh. If the ash does not much exceed 2 per cent. in white, or 5 per 
cent. in black pepper, it may be passed, but if it does, the contents of the 
dish must be boiled with diluted hydrochloric acid, and the insoluble matter 
having been collected on a filter, and washed until free from acidity, is to 
be dried, ignited, and weighed. Any insoluble matter thus found over 4'5 
per cent. may be considered to represent adulteration with sand. 


Vegetable Impurities. These are rendered visible under the microscope 
by mounting some of the sample with a drop of an acid solution of aniline 
acetate, which stains poivrette (ground olive stones) and other woody im- 
purities yellow, without affecting the detection of any rice flour or other cereal 
that may be present. If they be found we can get a fair idea of their amount 
by estimating the amount of matter soluble in alcohol (resin, piperine, etc.), 
present in the sample as follows :—2 grammes of the pepper are boiled in a long- 
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necked flask with 40 c.c. of absolute alcohol for ten minutes and the solution 
passed through a filter placed over a large platinum dish, the insoluble matter 
on the filter being washed with another 25 c.c. of alcohol. The dish is 
placed on the water bath until the spirit has passed off, and the residue is 
dried for half an hour at roo° C. and weighed. Lastly, it is placed over the 
“‘ Bunsen ” and ignited, cooled, and again weighe”. and the weight deducted 
from the former one. The difference is the weight of the extract, which 
should not be less than 8 per cent. in white, or 10 per cent. in black pepper. 
If, for example, the extract of a sample of white pepper, in which rice starch 
had been found by the microscope, only amounted to 4 per cent., we should 
then charge it with being adulterated to the extent of so per cent. 

In the case of poivrette or excessive bleached pepper husk being found in 
a sample, we boil one gramme. for an hour with 100 c.c. of water, and 2 c.c. of 
sulphuric acid under an upright condenser for an hour, cool and filter through 
a pair of counterbalanced filters, wash till every trace of acidity has been 
removed, and dry the filters and their contents to constant weight in the 
water oven. Pure pepper thus treated yields not more than 35 per. cent. of 
insoluble matter, while husks and poivrette yield 70 and 75 per cent. respec- 
tively. The calculation is manifest—thus, suppose a sample (in which much 
husk was seen under the microscope) to show 52°5 per cent. of insoluble 
matter, it would contain 50 per cent. of added husks. A not uncommon 
recent adulteration of pepper consists in adding ground ginger which has been 
already exhausted by spirit to make the essence of ginger. 


7. Coffee. 


If chicory be found by a microscopic examination of the sample—best done 
after boiling with dilute NaHO—1o grammes of the coffee are placed ina 
flask with 100 c.c. of distilled water. The flask is counterbalanced, and then 
boiled for a quarter of an hour. It is then placed on the scales, and the 
original balance is restored by adding water. Finally the decoction is filtered, 
cooled to 155° C., and its specific gravity is taken. The gravity of pure coffee 
does not exceed 1009'5, while that of chicory solution is 1o21°7. Supposing, 
therefore, that a decoction showed a gravity of 1015'5, then— 


1021°7 — 1009'°5 = 122, and I015"5 — 1009'5 = 60 
therefore— 
12'2: 6 !: 100 = 49 per cent, of chicory. 


8. Coloured Sweets. 


The poisonous colours are nearly all mineral and insoluble. They may be 
scraped off, washed with water, and identified by the ordinary methods given 
in Chapter IV. As a rule, at present, only aniline colours are used, and they 
are added in such minute proportions as not to be considered dangerous. 


9. Direct Estimation of Starch in Cereals. 


This depends upon the fact that starch forms an insoluble compound with 
barium. If an excess of baryta water of known strength be added to starch 
which has been gelatinised in water, a portion of the barium will combine with 
the starch, and then by estimating the excess of baryta water left unabsorbed 
we can find the amount taken up by the starch. The formula of the starch- 
baryta compound is Cy4H49Og0 BaO, and it therefore contains 19‘1 per cent, 
of BaO. 
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The materials required are :— 
(1) Decinormal hydrochloric acid, containing 3°65 grammes real HCl per 1000 c.c. 
= ‘00765 BaO for each c.c. 


(2) Baryta water kept in a special jar with a burette permanently attached, as shown 
in the illustration below. -A is the jar for the baryta water, having a tube 
attached containing lumps of quicklime to prevent the entrance of CO, from 
the air. The burette (8) is attached to the bottom neck of the jar by a tube 
having a pinchcock (@) to admit the reagent, and a tube (7) filled with lumps 
of caustic potash to prevent entrance of CO,. 


(3) Alcoholic solution of phenol-phthalein as an indicator. 


The Process.—The substance is powdered or finely ground in a mill, and 
3 grammes weighed out for analysis, If (as in the case of mustard, pepper, 
ete.) it contains oil or resinous : 
bodies, these are first extracted uf 
by percolation with petroleum 
spirit or ether in the “Soxhlet.” 
The powder is then well rubbed up 
with successive quantities of water 
until thoroughly disintegrated, the 
liquid being transferred to a 250 
c.c. flask, and 100 c.c. of water in 
all being used to entirely transfer 
the powder from the mortar to the 
flask. In dealing with very hard 
substances, like beans, peas, etc., 
the water should be used boiling. 
The flask and contents are now 
heated on the water bath for half 
an hour, with frequent shaking, 
to entirely gelatinise the starch. 
The whole is then cooled, and, 
50 c.c. of standard baryta water 
having been added from the 
burette, the flask is corked, well 
shaken for two minutes, proof 
spirit is added up to the 250 c.c, 
mark, and the whole again shaken, 
tightly corked, and set aside to 
settle. While settling, a check is 
made on 50 c.c. of the baryta Fig. 45. 
water by shaking up with roo c.c. 
of freshly boiled distilled water, in a 250 c.c. corked flask, and then titrating 
with the decinormal HCl, in the presence of two drops of phenol-phthalein. 
The number of c.c. of acid used is recorded, giving the total strength of 50 c.c. 
of the baryta water employed. When the main analysis has settled, 50 c.c. 
of the clear liquid are drawn off with a pipette, rapidly titrated with the deci- 
normal acid and phenol-phthalein, as in the check, and the number of c.c. of 
acid used is multiplied by 5 and set down as strength of baryta water re- 
maining uncombined. This latter amount is deducted from the total check 
strength, and the difference in c.c. of acid is multiplied by ‘00765, which gives 
BaO combined with the starch. This result now multiplied by 4°2353 gives 
the amount of starch in the 3 grammes taken = x: then 


x x 100 


= percentage of starch, 
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10. Free Sulphuric Acid in Vinegar. 


To a dilute solution of methyl violet add a drop of vinegar. A blue colour 
shows the presence of a mineral acid in the sample. 

Mix 50 c.c. of the vinegar with 25 c.c. of volumetric solution of sodium 
hydrate, made decinormal by diluting the normal volumetric solution to ten 
times its bulk with water. The whole is evaporated to dryness, and 
incinerated at the lowest possible temperature. 25 c.c. of decinormal solution 
of oxalic acid (made to exactly balance the sodium hydrate solution) are 
now added to the ash, the liquid heated to expel COs, and filtered. The 
filter is washed with hot water, and the washings having been added to the 
filtrate, phenol-phthalein solution is added, and the amount of free acid ascer- 
tained by running in decinormal soda from a burette. The number of c.c. 
of soda thus used multiplied by ‘oo49 gives the amount of free sulphuric acid 
in the vinegar. This process depends on the fact that whenever the ash of 
vinegar has an alkaline reaction, free mineral acid was undoubtedly absent. 


CHAPTER XI. 


ANALYSIS OF DRUGS, FIXED AND ESSENTIAL OILS, 
FATS, WAXES, SOAPS, DISINFECTANTS, URINE, AND 
URINARY CALCULI. 


————- 


DIVISION I. ANALYSIS OF DRUGS. 
I, GENERAL SCHEME. 


Tue analysis of drugs is so large a subject that only a few of the more 
commonly occurring problems can be discussed in the present volume. It 
will, however, be interesting, before proceeding to the consideration of special 
matters, to give a sketch of the general method of analysing a vegetable sub- 
stance used in medicine, following the lines laid down by Dragendorff. 


Step I. Dry a weighed portion of the substance in the water oven until it 
ceases to lose weight. 


Step II. Pack the dried and powdered substance, mixed with a little 
sand, in a “Soxhlet” apparatus, thoroughly exhaust it with 
petroleum spirit, and cork up and save the fluid extract so 
obtained, marking it a. 


Step III. Spread the solid left from Step II. out to dry on a plate of glass 
on the top of the water oven, and when all odour of petroleum 
has passed off, replace it in the Soxhlet, and exhaust it this time 
with perfectly anhydrous ether. Cork up the ethereal extract 
obtained and mark it B. 


Step IV. Spread out as before, and when all odour of ether is gone re-pack 
and extract with purified commercial methyl alcohol, as sold for 
making methylated spirit. This is more volatile than common 
alcohol, and is as a rule a better solvent of the articles required 
in this group, while it does not so readily. extract glucose, etc. 
It is an article of commerce, and can be specially ordered 
through a purveyor of chemicals as “ commercial methol, highest 
strength.” Save this alcoholic extract and mark it c. 


Step V. Extract the insoluble matter from Step IV. with distilled water 
at a temperature not exceeding 120° Fahr., and filter. Wash 
with cold water and save the filtrate (D). 


Step VI. Wash the insoluble matter off the filter into a large flask, with 
plenty of water, acidulated with 1 per cent. of hydrochloric acid, 
and boil it for an hour under an upright condenser. Let it settle, 
pour off the liquid as close as possible (saving it), and then 
collect the insoluble matter on a filter and wash with boiling 
water, adding the washings to what was poured off. This extract 

is marked E. 
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Step VII. 


Step VIII. 


Once more wash the insoluble matter from the filter into a beaker 
and boil it up for an hour with plenty of water rendered distinctly 
alkaline with sodium hydrate. Collect on a weighed filter, wash 
first with boiling water, acidulated with hydrochloric acid, and then 
with plain boiling water, till no trace of a chloride remains; dry 
in the water oven and weigh, deducting the tare of the filter. 
Lastly, ignite the filter and its contents in a weighed platinum 
basin, and deduct the ash so found from the first weight, and the 
difference will be a woody fibre in the drug. 


Make a xitrogen determination by Kjeldahl’s method (page 166) 
on a fresh portion, and the nitrogen found (after deducting any 
due to alkaloids present) multiplied by 6°33 will give the amount 
of albuminous bodies present. 


Treatment of the Separate Solutions.—Each liquid is made to a definite 
number of c.c. with the same solvent, and then an aliquot part, say 
10 c.C., is taken and evaporated, and the residue weighed, to find the total 
matter soluble in each solvent. ‘The remainders of the liquids are then treated 
as follows :— 


Liquid A. 


Liguid B. 


Liquid C. 


Step I. 


This will contain chiefly fixed and volatile oils. The spirit is 
allowed to evaporate spontaneously, or in a current of cold dry 
air, and the residue is distilled with water, when the volatile oil 
passes over, leaving the fixed oil in the retort. 


This chiefly contains resins, together with some bitters, alkaloids, 
and organic acids. The solution is evaporated to dryness on the 
water bath with sand, and the residue, having been powdered, 
is boiled with water slightly acidulated with HCl. A portion 
of this watery solution is tested for benzoic, cinnamic, salicylic, 
gallic, and other free organic acids, and the remainder is saved 
for subsequent use in Group C. The portion insoluble in water 
now chiefly represents any resins present in the drug, which are 
soluble in ether. These may be further divided and examined 
by the action of alcohol. Resins are recognised by their 
behaviour with solvents, their odour on warming, and by the 
action of HySOy, HNO3;, HCl, etc., on spots of the solid resin 
left by evaporating the solutions. This matter requires special 
experience ; but a description of the nature and reactions of all 
the principal resins will be found in any large book on Materia 
Medica. 


Is evaporated to a low bulk, and then poured into water faintly 
acidulated with hydrochloric acid. Any insoluble matter is 
probably a resinous body insoluble in ether, and is to be 
filtered out and examined as a resin. <A portion of the aqueous 
solution is to be tested for tannin, and the remainder is to be 
mixed with the reserved liquid from B, the whole gently evaporated 
to a convenient bulk, and treated by immiscible solvents as 
follows :— 


The liquid (which must still retain a slightly acid reaction) is 
shaken up successively with chloroform and ether in a separator 
(see fig. 17, page 93). The solvents are drawn off and evapo- 
rated, and the residues so obtained tested for glucosides and 
bitter principles. 


ALKALOIDAL ASSAY. 187 


Step II. The liquid’ remaining in the separator is now rendered alkaline 
with sodium hydrate and again shaken up with chloroform. 
This extracts nearly all the alkaloids. The chloroform is 
evaporated and the residue tested for alkaloids (see Chap. V.). 


Step III. The liquid still remaining in the separator is shaken up with 
warm amylic alcohol, which takes out morphine and leaves it 
on evaporation, when any residue is tested for its presence. 


Liquid D. Is evaporated to a low bulk and then mixed with twice its 
volume of rectified spirit, when gums precipitate insoluble and 
may be examined, and sugars dissolve and may be estimated by 
** Fehling.” Saponin also may be found with the sugars. 


II, ALKALOIDAL ASSAY BY IMMISCIBLE SOLVENTS. 


The immiscible solvents usually employed in the assay of alkaloids are 
chloroform, ether, benzin (petroleum spirit), benzol (benzene), and amylic 
alcohol, or a mixture of the latter two called benzolated amylic alcohol. The 
liquids are not miscible with water, but can be diffused through it by shaking, 
and then separate from it when set at rest. It is a general property of 
alkaloids that they themselves are as a rule soluble in all the above solvents, 
while their salts are insoluble. If, therefore, we start with an acid aqueous 
solution of, say, quinine sulphate, and, having added sufficient alkali to set 
free the quinine, we shake up with chloroform, and then leave the latter to 
settle, the chloroformic layer will contain all the alkaloid. If we then run 
off this layer and shake it up with diluted sulphuric acid, the quinine will 
become quinine sulphate, and, being insoluble in the chloroform, will then 
leave that solvent, and pass to the aqueous layer once more in its original 
form. ‘The main exception to these rules is morphine, which only comes out 
satisfactorily from its alkalised salts to warm amylic alcohol. If a drug 
should also contain resinous or other matters soluble in the chloroform, they 
will come into it with the free alkaloids, but will remain behind when the 
chloroformic solution is acted upon by acidulated water. The process is done 
in a separator (see fig. 17, p. 93), and the following precautions are so lucidly 
described by the U.S.P. that they cannot be improved upon :— 

When the solution of an alkaloid, suitably prepared, is introduced into a 
separator, and chloroform subsequently added, the latter, owing to its higher 
specific gravity, will form the lower layer. If the two layers are violently 
shaken together, there will often result an emulsion, which will separate only 
slowly, and often imperfectly. This is particularly liable to happen when the 
aqueous liquid containing the alkaloid either in suspension or in solution is 
strongly alkaline, and when it has a high specific gravity. To avoid the 
formation of an emulsion, the extraction should be accomplished rather by 
rapid rotation and frequent inversion of the separator than by violent shaking. 
When an emulsion has formed, its separation may be promoted by the 
addition of more of the solvent, preferably somewhat heated, aided, if 
necessary, by the external application of a gentle heat (the stopper being 
removed for the time being), or by the introduction of a small quantity of 
alcohol or of hot water. The separation of the two layers may also be 
promoted by stirring the lower, chloroformic layer with a glass rod, and 
detaching from the walls of the separator the adhering drops of emulsion. 
On withdrawing the chloroform solution of an alkaloid from the separator, a 
small amount of the solution will generally be retained in the outlet tube by 
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capillary attraction. If this were lost, the results of the assay would be 
seriously vitiated. To avoid this loss, several successive, small portions of 
chloroform should be poured into the separator without agitation, and drawn 
off through the stopcock to wash out the outlet tube. Another source of 
loss is the pressure sometimes generated in the separator by the rise of 
temperature caused when an alkaline and an acid liquid are shaken together. 
On loosening the stopper, the liquid which adheres to the juncture of the 
latter with the neck is liable to be ejected. This is best avoided by mixing 
the liquids at first by rotation (avoiding contact of the contents with the 
stopper), and allowing them to become cold before stoppering the separator. 
The same precautions should be observed when an alkali carbonate has been 
used, in place of a caustic alkali, for setting free the alkaloid. In this case 
the liquids should be cautiously and gradually mixed by rotation, and the 
separator should be left unstoppered until gas is no longer given off. Ifa 
regular glass separator is not available, and the quantity of liquid is small, an 
ordinary burette, stoppered with a sound cork, may be employed in its place. 


III, ASSAY OF EXTRACT OF NUX VOMICA., 


Extract of nux vomica, dried at 100° C. (212° F.), two grammes, 
Alcohol, 

Ammonia water, 

Water, 

Chloroform, 

Decinormal sulphuric acid (V.S.), 

Centinormal potassium hydrate V.S., each, @ sufficient quantity. 


Put 2 grammes of the dried extract of nux vomica into a glass separator, add 
to it 20 c.c. of a previously prepared mixture of 2 volumes of alcohol, 1 volume 
of ammonia water (0’960 sp. gr.) and 1 volume of water, and shake the well- 
stoppered separator until the extract is dissolved. Then add 20 cc. of 
chloroform and agitate during five minutes. Allow the chloroform to separate, 
remove it as far as possible, pour into the separator a few c.c. of chloroform, 
and, without shaking, draw this off through the stopcock to wash the outlet 
tube. Repeat the extraction with two further portions of chloroform of 15 c.c. 
each, and wash the outlet tube each time as just directed. Collect all the 
chloroformic solutions in a wide beaker, expose the latter to a gentle heat, on 
a water bath, until the chloroform and ammonia are completely dissipated, 
add to the residue ro c.c. of decinormal sulphuric acid measured with great 
care from a burette, stir gently, and then add 20 c.c. of hot water. When 
solution has taken place, add 2 c.c. of brazil-wood T.S., and then carefully 
run in centinormal potassium hydrate V.S., until a permanent pinkish colour 
is produced by the action of a slight excess of alkali upon the brazil-wood 
indicator. Divide the number of c.c. of centinormal potassium hydrate V.S. 
used by ro, subtract the number found from to (the 10 c.c. of decinormal acid 
used), multiply the remainder by 0°0364 and that product by 50 (or, multiply 
at once by 1°82), which will give the percentage of Zo‘al alkaloids in the 
extract of nux vomica, it being assumed that strychnine and brucine are 
present in equal proportion, and the above factor being found by taking the 
mean of their respective molecular weights rounded off to whole numbers 
[(334+ 394) +2 = 364]. 

Extract of nux vomica, when assayed by the foregoing process, should be 
found to contain 15 per cent. of total alkaloids. 
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IV, ASSAY OF CINCHONA. 
(A) For Total Alkaloids. 


Cinchona, in No. 80 (or finer) powder, and completely dried at 100° C, 
(212° F.), twenty grammes, 

Alcohol, 

Ammonia water, 

Chloroform, 

Ether, : 

Normal sulphuric acid (V.S.), 

Potassium hydrate V.S., each, @ sufficient quantity. 


To 20 grammes of cinchona, in very fine powder, and contained in a bottle 
_provided with an accurately ground glass stopper, add 200 c.c. of a previously 
prepared mixture of 19 volumes of alcohol, 5 volumes of chloroform, and 
1 volume of ammonia water, stopper the bottle, and shake it thoroughly and 
frequently during four hours. Then separate the liquid by pouring it into 
another bottle through a funnel containing a pellet of cotton, in such a 
manner that no material loss by evaporation may result. ‘Transfer 100 c.c. of 
the clear filtrate (representing 10 grammes of cinchona) to a beaker, and 
evaporate it todryness. Dissolve the residue of crude alkaloids thus obtained 
in 10 c.c. of water and 4 c.c. of normal sulphuric acid, with the aid of a gentle 
heat, filter the cooled solution into a separatory funnel, and wash the beaker 
and filter until the filtrate no longer has an acid reaction, using as small a 
quantity of water as possible. Now add 5 c.c. of potassium hydrate V.S., or 
such an amount as will render the liquid decidedly alkaline, and extract the 
alkaloids by shaking the mixture, first with 20 c.c., and then repeatedly with 
10 c.c., of chloroform, until a drop of the last chloroform extraction, when 
evaporated on a watch-glass, no longer leaves a residue. Evaporate the 
united chloroformic extracts in a tared beaker, dry the residue at 100° C, 
(212° F.), and weigh. The weight found, multiplied by ¢ex (10), will give the 
percentage of fofa/ a/kadoids in the specimen of cinchona tested, 


(ZB) For Quinine. 


Transfer 50 c.c. of the clear filtrate remaining over from the preceding 
process (and representing 5 grammes of cinchona) to a beaker, evaporate it 
to dryness, and proceed as directed in the assay for total alkaloids, using, 
however, only one-half the amounts of volumetric acid and alkali there 
directed. Add the united chloroformic extracts containing the alkaloids in 
solution, gradually, and in small portions at a time, to about 5 grammes of 
powdered glass contained in a porcelain capsule piaced over a water bath, so 
that, when the contents of the capsule are dry, all or nearly all of the dry 
alkaloids shall be in intimate admixture with the powdered glass, and the 
chloroform be completely expelled. Now moisten the residue with ether, 
and, having placed a funnel containing a filter of a diameter of 7 cm., and 
well wetted with ether, over a small graduated tube (a), transfer to the filter 
the ether-moistened residue from the capsule. Rinse the latter several times, 
if necessary, with fresh ether, so as to transfer the whole of the residue to the 
filter, then percolate with ether added drop by drop, until exactly 10 c.c. of 
percolate have been obtained. Then collect another volume of 10 c.c., by 
similar, slow percolation with ether, in a second graduated tube (s). Transfer 
the contents of the two tubes completely (using ether for washing) to two 
small, tared capsules, properly marked (a and B) so as to avoid confusion, 
evaporate to a constant weight at 100° C. (212° F.), and weigh them. (The 
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residue in A will contain practically all the quinine, together with a portion 
of the alkaloids less soluble in ether; the residue in B will consist almost 
entirely of these alkaloids.) From the amount of residue obtained in capsule 
A deduct that contained in B, and multiply the remainder by ‘wenty (20). 
The product will represent, approximately, the percentage of guinine (con- 
taining 1 molecule of water) in the specimen of cinchona tested. 


V. ESTIMATION OF ALKALOIDS IN SCALE PREPARATIONS. 
(A) Estimation of Quinine in Ferri et Quinine Citras. 


Dissolve 1°12 (1°1176) gramme of iron and quinine citrate in a capsule, 
with the aid of a gentle heat, in 20 c.c. of water. Transfer the solution, 
together with the rinsings of the capsule, to a separator, allow the liquid to 
become cold, then add 5 c.c. of ammonia water and 10 cc. of chloroform, 
and shake. Allow the liquids to separate, draw off the chloroform layer, and 
shake the residuary liquid a second anda third time with 10 c.c. of chloroform. 
Allow the combined chloroformic extracts to evaporate spontaneously in a 
tared capsule, and dry the residue at a temperature of 100° C. (212° F.) to 
a constant weight. ‘This residue should weigh not less than o'1288 gramme 
(corresponding to at least 11°5 per cent. of dried quinine), and should conform 
to the reactions and tests of quinine. 


(4) Estimation of Strychnine in Ferri et Strychnine Citras. 


Dissolve 2‘24 (2°2352) grammes of iron and strychnine citrate in a separator 
in 15 c.c. of water, add 5 c.c. of ammonia water and 10 c.c of chloroform, and 
shake. Allow the liquids to separate, draw off the chloroform layer, and shake 
the residuary liquid a second and a third time with 10 c.c. of chloroform. 
Allow the combined chloroformic extracts to evaporate spontaneously in a 
tared capsule, and dry the residue at a temperature of 100° C. (212° F.) to 
a constant weight. This residue should weigh not less than o’o2 gramme 
nor more than 0’0224 gramme (corresponding to not less than o’g nor more 
than 1 per cent. of strychnine), and should respond to the reactions and tests 
of strychnine. 


VI. ASSAY OF OPIUM. 


Opium, in any condition to be valued, Zen grammues. 
Ammonia water, ¢hree and five-tenths cubic centimetres, 
Alcohol, 

Ether, 

Water, each, a sufficient quantity. 


Introduce the opium (which, if fresh, should be in very small pieces, and, if 
dry, in very fine powder) into a bottle having a capacity of about 300 c.c., add 
100 ¢c.c. of water, cork it well, and agitate frequently during twelve hours. 
Then pour the whole as evenly as possible upon a wetted filter having a 
diameter of 12 cm., and, when the liquid has drained off, wash the residue 
with water, carefully dropped upon the edges of the filter and the contents, 
until 150 c.c. of filtrate are obtained. Then carefully transfer the moist opium 
back to the bottle by means of a spatula, add 50 c.c. of water, agitate thoroughly 
and repeatedly during fifteen minutes, and return the whole to the filter. 
When the liquid has drained off, wash the residue, as before, until the second 
filtrate measures 150 c.c., and finally collect about 20 c.c. more of a third 
filtrate. Evaporate in a tared capsule, first, the second filtrate to a small 
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volume, then add the first filtrate, rinsing the vessel with the third filtrate, 
and continue the evaporation until the residue weighs 14 grammes. Rotate 
the concentrated solution about in the capsule until the rings of extract 
are redissolved, pour the liquid into a tared Erlenmeyer flask having a 
capacity of about 100 ¢.c., and rinse the capsule with a few drops of water 
at a time, until the entire solution weighs 20 grammes. Then add to 
grammes (or 12°2 c.c.) of alcohol, shake well, add 25 c.c. of ether, and shake 
again. Now add the ammonia water from a graduated pipette or burette, 
stopper the flask with a sound cork, shake it thoroughly during ten minutes, 
and then set it aside, in a moderately cool place, for at least six hours, or 
over-night. ' 

Remove the stopper carefully, and, should any crystals adhere to it, brush 
them into the flask. Place in a small funnel two rapidly acting filters of a 
diameter of 7 cm., plainly folded, one within the other (the triple fold of the 
inner filter being laid against the single side of the outer filter), wet them 
well with ether, and decant the ethereal solution as completely as possible 
upon the inner filter. Add 1o c.c. of ether to the contents of the flask, rotate 
it, and again decant the ethereal layer upon the inner filter. Repeat this 
operation with another portion of 10 c.c. of ether. Then pour into the filter 
the liquid in the flask, in portions, in such a way as to transfer the greater 
portion of the crystals to the filter, and, when this has passed through, transfer 
the remaining crystals to the filter by washing the flask with several portions 
of water, using not more than about ro c.c. in all. Allow the double filter to 
drain, then apply water to the crystals, drop by drop, until they are prac- 
tically free from mother-water, and afterwards wash them, drop by drop, from 
a pipette, with alcohol previously saturated with powdered morphine. When 
this has passed through, displace the remaining alcohol by ether, using about 
10 c.c., or more if necessary. Allow the filter to dry in a moderately warm 
place, at a temperature not exceeding 60° C. (140° F.), until its weight 
remains constant, then carefully transfer the crystals to a tared watch-glass 
and weigh them. 

The weight found, multiplied by 10, represents the percentage of crystallised 
morphine obtained from the opium, 


VII. ASSAY OF EXTRACT OF OPIUM. 


Extract of opium, dried at 100° C. (212° F.), four grammes. 
Ammonia water, two and two-tenths cubic centimetres. 
Alcohol, 

Ether, 

Water, each, a sufficient quantity. 


Dissolve the extract of opium in 30 c.c. of water, filter the solution through 
a small filter, and wash the filter and residue with water, until all soluble 
matters are extracted, collecting the washings separately. LEvaporate, in a 
tared capsule, first, the washings to a small volume, then add the first filtrate, 
and evaporate the whole to a weight of 1o grammes. Rotate the concentrated 
solution about in the capsule until the rings of extract are redissolved, pour 
the liquid into a tared Erlenmeyer flask having a capacity of about 100 c.c., 
and rinse the capsule with a few drops of water at a time, until the entire 
solution weighs 15 grammes. Then add 7 grammes (or 8'5 c.c.) of alcohol, 
shake well, add 20 c.c. of ether, and shake again. Now add the ammonia 
water from a graduated pipette or burette, stopper the flask with a sound cork, 
shake it thoroughly during ten minutes, and then set it aside, in a moderately 
cool place, for at least six hours, or over-night. 
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Remove the stopper carefully, and, should any crystals adhere to it, brush 
them into the flask. Place in a small funnel two rapidly acting filters, of a 
diameter of 7 cm., plainly folded, one within the other (the triple fold of the 
inner filter being laid against the single side of the outer filter), wet them well 
with ether, and decant the ethereal solution as completely as possible upon 
the inner filter. Add 1o c.c. of ether to the contents of the flask, rotate it, 
and again decant the ethereal layer upon the inner filter. Repeat this 
operation with another portion of 10 c.c. of ether. Then pour into the filter 
the liquid in the flask, in portions, in such a way as to transfer the greater 
portion of the crystals to the filter, and, when this has passed through, 
transfer the remaining crystals to the filter by washing the flask with several 
portions of water, using not more than about 10 c.c. in all. Allow the double 
filter to drain, then apply water to the crystals, drop by drop, until they are 
practically free from mother-water, and afterwards wash them, drop by drop, 
from a pipette, with alcohol previously saturated with powdered morphine. 
When this has passed through, displace the remaining alcohol by ether, using 
about 1o c.c., or more if necessary. Allow the filter to dry in a moderately 
warm place, at a temperature not exceeding 60° C. (140° F.), until its weight 
remains constant, then carefully transfer the crystals to a tared watch-glass 
and weigh them. 

The weight found, multiplied by 25, represents the amount of crystallised 
morphine obtained from 100 grammes of the extract. 


VIII. ASSAY OF TINCTURE OF OPIUM, 


Tincture of opium, ove hundred cubic centimetres. 
Ammonia water, three and jive-tenths cubic centimetres. 
Alcohol, 

Ether, 

Water, each, a sufficient quantity. 


Evaporate the tincture to about 20 cc., add 4o cc. of water, mix 
thoroughly, and set the liquid aside for an hour, occasionally stirring, and 
disintegrating the resinous flakes adhering to the capsule. Then filter, and 
wash the filter and residue with water, until all soluble matters are extracted, 
collecting the washings separately. Evaporate in a tared capsule, first, the 
washings to a small volume, then add the first filtrate, and evaporate the 
whole to a weight of 14 grammes. Rotate the concentrated solution about 
in the capsule until the rings of extract are redissolved, pour the liquid into a 
tared Erlenmeyer flask having a capacity of about too c.c., and rinse the 
capsule with a few drops of water at a time, until the entire solution weighs 
20 grammes. Then add ro grammes (or 12°2 c.c.) of alcohol, shake well, add 
25 c.c. of ether, and shake again. Now add the ammonia water from a 
graduated pipette or burette, stopper the flask with a sound cork, shake it 
thoroughly during ten minutes, and then set it aside, in a moderately cool 
place, for at least six hours, or over-night. 

Remove the stopper carefully, and, should any crystals adhere to it, brush 
them into the flask. Place in a small funnel two rapidly acting filters, of a 
diameter of 7 cm., plainly folded, one within the other (the triple fold of the 
inner filter being laid against the single side of the outer filter), wet them well 
with ether, and decant the ethereal solution as completely as possible upon 
the inner filter. Add 10 c.c. of ether to the contents of the flask, rotate it, 
and again decant the ethereal layer upon the inner filter. Repeat this opera- 
tion with another portion of 10 c.c. of ether. Then pour into the filter the 
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liquid in the flask, in portions in such a way as to transfer the greater portion 
of the crystals to the filter, and, when this has passed through, transfer the 
remaining crystals to the filter by washing the flask with several portions of 
water, using not more than about ro c.c. in all. Allow the double filter to 
drain, then apply water to the crystals, drop by drop, until they are prac- 
‘tically free from mother-water, and afterwards wash them, drop by drop, from 
a pipette, with alcohol previously saturated with powdered morphine. When 
this has passed through, displace the remaining alcohol by ether, using about 
ro c.c., or more if necessary. Allow the filter to dry in a moderately warm 
place, at a temperature not exceeding 60° C. (140° F.), until its weight remains 
constant, then carefully transfer the crystals to a tared watch-glass and weigh 
them. 

The weight found represents the amount of crystallised morphine obtained 
from roo c.c. of the tincture. 

If 100 c.c. of tincture of opium be assayed by the above process, it should 
yield from 1°3 to 1°5 gramme of crystallised morphine. 


IX. ESTIMATION OF THE STRENGTH OF RESINOUS DRUGS. 


Take 5 to 10 grammes of the drug in powder, and place it in a strong glass 
flask with roo c.c. of rectified spirit. Close the flask with a good cork, and 
digest it in a warm place at about 50° C. for twelve hours, shaking from time 
to time. Pour or filter off 80 c.c. (representing 38, of the total drug taken), 
place it in a weighed beaker, and evaporate to 25 c.c. on the top of the water 
bath. Now add 50 c.c. of distilled water, and boil gently over a low gas 
flame till all the alcohol is driven off. Let it cool and perfectly settle, pour 
off the supernatant liquor, wash the deposited resin by decantation with hot 
distilled water, and then dry the beaker and its contents in the air bath at 
105° C. and weigh, deducting the tare of the beaker. Thus treated, jalap, 
for example, should show from g to 11 per cent. of resin, of which not more 
than one-tenth should be soluble in ether. Scammonium, on the other 
hand, should yield 70 per cent. of resin, entirely soluble in ether, and also in 
solution of potash, from which latter it is not re-precipitated by excess of 
diluted HCl. 


X. EXAMINATION OF A TINCTURE OR OTHER ALCOHOLIC LIQUOR 
FOR THE PRESENCE OF METHYLATED SPIRIT. 


The alcoholic liquors are first to be distilled until a part of the spirit has 
passed over and the distillate treated as follows :— 

About 3 c.c. is placed in a small flask fitted with a cork and a tube having 
two rectangular bends, with one end dipping into a test tube kept cold by 
immersion in water, and to the flask are added 3 grammes of potassium 
bichromate and 2°5 c.c. of sulphuric acid diluted with 20 c.c. distilled water. 
_ The mixture, after standing for twenty minutes, is distilled at a gentle heat, 
until nearly the whole has passed over. Sodium carbonate having been 
_ added to the distillate till it is slightly alkaline, the liquid is evaporated in a 
porcelain basin to about half its bulk, and, having been acidulated slightly by 
acetic acid, is transferred to a test tube, heated gently with twenty drops of a 
5 per cent. solution of argentic nitrate for a few minutes, when any decided 
opacity (due to the discoloration of the fluid, and the separation of a blackish 
_ precipitate of metallic silver) indicates the presence of methyl alcohol in the 
sample thus tested. In the oxidation of ordinary alcohol, a trace of formic 
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acid is formed by secondary decomposition ; consequently a distinct precipitate 
must be obtained before the spirit can, with certainty, be pronounced to be 
methylated. 

When this process has to be applied to sweet spirit of nitre, the ethyl nitrite 
must be first got rid of, as follows :— 

Take a little of the spirit and place it in a bottle with some dry potassium 
carbonate, and shake up. Let it settle, and take about two drachms of the 
strong spirit which separates. Saturate this with calcium chloride, and distil 
on a water bath, rejecting the distillate (ethyl nitrite, etc.). Add a little 
water to the contents of the retort and distil again, when the pure spirit will 
come over, and a portion may then be tested as above directed. Really it is 
the most simple thing to saturate the strong spirit with the calcium chloride 
in a little basin, and then to put it on the water bath until all odour of 
nitrous ether ceases to be evolved, and then to add the water and wash into 
the distilling flask. 


XI. ANALYSIS OF FIXED OILS AND FATS. 


This is a matter requiring the greatest practice and experience, and, 
unfortunately, it is still possible so to sophisticate dear with cheaper oils as 
to practically defy definite analysis. If, however, we confine our attention to 
the ordinary fixed oils of the B.P., we can get a very fair idea of their purity, 
or otherwise, by applying the following methods :— 


(1) Specific Gravity. (a) Jn the case of oils, this is to be taken in the 
usual way at 15°5° C. The average gravities of the common oils are— 


Almond . ; : : ; : ‘ - “915 to ‘920. 
Castor . : ; : : : ; : « 950: 5, “O79: 
Cod liver . 3 : ‘ » | 202055. 5. 
Cotton (a common \adulterant) : : ‘ ogg 23 *Oz0: 
Linseed : i ; - °930 ,, °940. 
Olive . : . : ; : ; ; » PyIES ay. 308. 


(6) Ln the case of solid fats, we melt them, and take their gravity either at 
38° C. or at the boiling point of water. For a person not continually 
operating with oils, the latter is the more likely to give good results, and may 
be worked in the following manner :— 

Take an ordinary specific-gravity bottle with a well-fitting perforated stopper, 
and also a deep basin capable of holding a good deal more water than will 
quite cover the bottle. Charge the basin with distilled water, and put it over 
a good gas flame, so that it is rapidly heated to boiling point. 

Melt the fat, and charge the specific-gravity bottle with it in the usual way, 
and then, holding it with a pair of wooden tongs, plunge it into the water so 
that it lies on its side, entirely immersed, with its neck pointing downwards. 
The melted fat expands, and, passing through the hole in the stopper, — 
absolutely prevents the entrance of any of the water, which must be 4ept 
briskly boiling for twenty minutes. ‘The bottle is then fished out, rapidly 
wiped dry, cooled, and weighed. ‘The weight of the empty bottle having 
been deducted, the balance gives the weight of fat it holds at the temperature — 
of boiling water, which, divided by the weight of water that the bottle holds 
under the same conditions, gives a sufficiently accurate gravity for all bebe 
purposes. ‘Thus treated the following solid fats give— 


Butter . a > R > ‘ i : . *867 to ‘870. 
hard... : ; : 4 7 ; ‘ » ‘860',, “86%. 
Cacao butter : : : ‘ : : Ss 3} Brie 


Beef fat ‘ 3 : : ‘ ‘ ‘ . 857 5, 859. 
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(2) Hubl’s Method of Iodine Absorption. So/utions, etc., required :-— 


(1) A solution of 25 grammes of iodine and 30 grammes of mercuric chloride, each 
dissolved in 500 c.c. of B.P. absolute alcohol, and the latter added to the former. 
The mixing is to be done twelve hours before use. This is called “* Hubl’s” 
reagent. 

(2) A vadienelsis solution of sodium thiosulphate, made by diluting the ordinary B.P. 
solution with an equal bulk of water, and then standardising against decinormal 
solution of iodine, so that 2 c.c. of the “ hypo ” corresponds to I c.c. of the iodine, 
and therefore represents ‘00635 of iodine. 

(3) A light stoppered flask of known weight, capable of holding about 50 c.c. 

(4) An ordinary stoppered 12-o0z. bottle. 

(5) Pure chloroform. 

(6) Thin starch mucilage. 


The oil or melted fat is first weighed into the stoppered flask, taking under 
‘3 gramme of linseed, cod-liver, or any “drying ” or fish oil, under “4 gramme 
of olive or almond, and under ‘8 gramme of lard or other solid fat. To 
this is added 10 c.c. of chloroform and 25 c.c. of the “ Hubl” solution. If 
the liquid is now turbid, another few c.cs. of chloroform must be added till 
it is quite clear. It is then stoppered, and put away in a dark place for at 
least eight hours. At the same time a similar flask is charged with 25 c.c. 
of ‘“‘ Hubl,” and the same volume of chloroform as employed in the former 
case, and put away with it. Atthe end of the time 20 c.c. of a 10 per cent. 
solution of potassium iodide are added to the flask containing the oil; the 
whole is then transferred to a 12-0z. bottle, and, with the rinsings, made up 
to 150 c.c. with distilled water. It is then titrated with “hypo ” in the usual 
way, closing the bottle after each addition and shaking violently, so as to act 
on the iodine dissolved in the chloroformic layer at the bottom. ‘The other 
flask, containing the check experiment, is treated in exactly the same way, 
and the difference between the volumes of “ hypo” used in the two experi- 
ments is calculated to the iodine it represents, and the result calculated to 
percentage from the weight of oil started with. The important point to be 
observed is that there must be a large excess of iodine over that actually 
required, so that, after standing, the contents of the flask do not seem to be 
much lighter in colour than at starting. Thus treated, the oils and fats 
referred to above show :— 


: 
, 


Per cent. of iodine absorbed. 


Almond . : : : . 9S to 06, 
Castor... F : F mo BA, gas OAS 
Cod liver . : F ‘ + ESS 7 55 1000. 
Cotton . F - ; FAO: 5 BIO; 
Linseed . P P ‘ ai BD gs POPs 
Olive i - ; < boty 3 Myer ih 8 
Lard : ; , : Samael © eal Pea 
Beet fat . ‘ SANS J MAS. 


(3) Saponification Equivalent (Kcettstorfer’s process). So/utions, etc., 
required :— 
(1) A solution of 28 grammes of pure potassium hydrate in 1 litre of B.P. absolute 
alcohol. . 
(2) Accurate seminormal hydrochloric acid (18°25 grammes real HCl per litre). 


(3) A strong glass flask, holding 100 c.c., capable of standing pressure, and furnished 
with a good cork. 


The flask is counterbalanced, 2°5 grammes of the oil or melted fat are 
weighed into it, and 25 c.c. of the potash solution are very accurately added 
from a delicate burette. The flask is closed, placed on the top of the 
water oven, occasionally rotated until all the fat is completely dissolved and 
saponified. A little alcoholic solution of phenol-phthalein having been added, 
_ the whole is titrated with the acid until just colourless. At the same time a 
blank experiment on another 25 c.c. of the potash is made side by side, and 
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the difference between the two titrations is calculated to KHO by multiplying 
the number of c.c, of difference by ‘o28, and then calculating to percentage. 
This is, however, sometimes expressed also as a “saponification equivalent,” 
by dividing the weight of fat taken, expressed in milligrammes by half the 
number of c.c. of acid found as the difference between the two experiments. 
Thus treated, the fats and oils already mentioned show :— 


Per cent. of KHO neutralised. 


Almond ; ; : ; =. 1O-5 

Castor . : : : ; , ae Ft to ie Oe: 
Cod liver. : : - ~ ROHL G5 0D wee 
Cotton ; ; 3 ; - 19°09 ,¥ 19°35. 
Linseed : ; ; ; ».19°00",, 19°28: 
Olive . : : : e » 13500:;,» 10°20, 
Aer ; : ; : . 19°20 .,, 19°60. 
Cacao butter : : . A932. 5, TOTOO, 
Beef fat : : 4 4 - 19°80 ,, 19°98. 


(4) Specific Heating Power. The process consists in placing 50 grammes 
of the oil or melted fat in a glass cylinder, immersing a thermometer, noting 
the temperature, and then causing 10 c.c. of strong sulphuric acid, brought 
to exactly the same temperature as that of the oil, to flow slowly in from a 
stoppered burette, stirring with the thermometer all the time, and noting the 
extreme point to which the mercury rises. ‘The experiment is then repeated 
under exactly the same conditions, using 50 c.c. of distilled water instead of oil, 
and the rise is again noted. Lastly, the rise in temperature observed with 
the oil is divided by that shown with the water. The stopper of the burette 
should be so set that it takes exactly one minute to deliver 10 c.c. of acid. 
The following are some characteristic results :— 


Water. ‘ , ‘ yi ii we. 

Castor . ; ‘ : 5 5/2) BOtO nGR. 
Cod liver ; f ; : rae TE 
Cotton . : ‘ : : ; POS 5,.ke 
Linseed . é ‘ . ; » QO ao: 
Olive. ‘ ; : ” sit) 8Qh5, =50A. 


_ The rise is so great with linseed oil, that it is best to work upon it after 
diluting it ove half with a mineral oil, previously found to give only a slight 
definite rise, and to make a correction. 


(5) Some Useful Qualitative Tests for Oils and Fats as employed by 
the U.S.P. 


(a) For Cotton-Seed Oil or Fats in Olive Oil and Lard (Becchi’s test). To 
5 grammes of the oil or melted fat in a tube add 5 cc. of ar per cent. 
solution of AgNOs in pure alcohol of 92 per cent. (deodorised alcohol U.S.P.), 
add one drop of strong nitric acid, shake thoroughly, and place the tube in 
boiling water for 5 to 10 minutes, shaking at intervals. If pure, no reddish 
or brownish tint should be produced in the oily layer, nor should any dark 
colour be produced at the line of contact of the liquids. 


(6). Zest for Sesame Oil. If 5 c.c. of the oil be shaken with an equal 
volume of concentrated hydrochloric acid, the latter will usually assume a 
bright emerald-green colour, especially if the oil has been exposed for some 
time to the action of air and light ; and, on the subsequent addition of about 
o’5 gramme of sugar, and again shaking the mixture, a blue colour, changing 
to violet, and finally to deep crimson, will be produced. This test is due to 
the production and action of fuzfuro/, and many analysts prefer to use a 1 pet — 
cent. solution of furfurol in spirit instead of the sugar. When it is desired to — 
detect sesame oil.in other oils or fats, about 30 c.c. of the oil should be | 
saponified by 20 c.c. of 25 per cent. alcoholic solution of potassium hydrate, — 
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then diluted with 200 c.c. of water, and freed from alcohol by boiling. ‘On 
then supersaturating the solution with diluted sulphuric acid, the fatty acids 
will form a layer on the surface, and these having been separated as far as 
possible, free from water, and filtered, 5 c.c. of the clear filtrate is taken for 
the furfurol test as above. 

(c) Tests for other Oils in Castor Oil. (1) If 3 c.c. of the oil be shaken for 
a few minutes with 3 c.c. of carbon disulphide and 1 c.c. of sulphuric acid, 
the mixture should not acquire a blackish-brown colour. 

(2) Soluble in an equal volume of alcohol of ‘820 sp. gr. at 15°5° C., 
and, in all proportions, in absolute alcohol, or in glacial acetic acid ; also 
soluble, at 15° C. (59° F.), inthree times its volume of a mixture of 19 volumes 
of alcohol of ‘820 sp. gr. at 15°5° C. and 1 volume of water (absence of 
moye than about 5 per cent. of most other fixed oils). 


(2) Tests for Purity of Almond Oil. If 20.c. of the oil be vigorously 
shaken with 1 c.c. of fuming nitric acid and 1 c.c. of water, a whitish (not red 
or brownish) mixture should be formed, which, after standing for some hours 
at about 10° C. (50°'F.), should separate into a solid, white mass, and a 
scarcely coloured liquid (distinction from the fixed oils of apricot and peach 
kernels, and from sesame, cotton-seed, and poppy-seed oils). 

If to c.c. of the oil be mixed with 15 c.c. of a 15 per cent. solution of 
sodium hydrate and to c.c. of alcohol, and the mixture allowed to stand at a 
temperature of 35° to 40° C. (95° to 104° F.), with occasional agitation, until 
it becomes clear, and then diluted with 100 c.c. of water, the clear solution 
thus obtained, upon the subsequent addition of an excess of hydrochloric 
acid, will set free a layer of oleic acid. This, when separated from the 
aqueous liquid, washed with warm water, and clarified on a water bath, will 
remain liquid at 15° C. (59° F.), although sometimes depositing particles of 
solid matter and becoming turbid. One part of this oleic acid, when mixed 
with 3 volume of alcohol of ‘820 sp. gr., should give a clear solution, which 
at 15° C. (59° F.) should not deposit any fatty acids, nor become turbid on 
the further addition of 1 volume of alcohol (distinction from o/ive, arachis, 
cotton-seed, sesame, and other fixed otts). 


(e) Tests for the Purity of Linseed Oil. If 2 c.c. of the oil be shaken with 
1 c.c. of fuming nitric acid and 1 c.c. of water, it should neither completely 
nor partially solidify, even after standing for one or two days (absence of 
non-drying otls). 

If 10 c.c. of the oil, contained in a small flask, be mixed with a solution of 
3 grammes of potassium hydrate in 5 c.c. of water, then 5 c.c. of alcohol 
added, and the mixture heated for about five minutes on a water bath, with 
occasional agitation, a dark-coloured but clear and complete solution should 
be obtained. If this liquid be diluted with water to the measure of 50 c.c., 
then cooled, and shaken with 50 c.c. of ether, the clear, ethereal layer, after 
having separated, should not show a bluish fluorescence, and, when carefully 
decanted, and allowed to evaporate spontaneously, should leave not more 
than a slight, and not oily, residue (absence of paraffin oils). 


(f) Lests Sor Purity of Oil of Theobroma. If 1 gramme of oil of theobroma 
be dissolved in 3 c.c. of ether, in a test tube, at a temperature of 17°C. 
(63° F.), and the tube subsequently plunged into water at 0° C. (32° F.), ‘the 
liquid should not become turbid, nor deposit a granular mass in less than 
three minutes 5 and if the mixture, after congealing, be exposed to a tempera- 
» ture. of 15° - (59° F.), it should gradually form a perfectly clear at 
_ (absence of paraffin, wax, stearin, tallow, etc.). 

(6) Mineral Oil, Soft Paraffin, or other Unsaponifiable Matters in Fats. 
_ Ten grammes of the fat may be saponified with 50 c.c. of normal alcoholic 
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potash (5°6 per cent.), as directed above (§ 3). The alcoholic liquid is diluted 
with water, and some sodium bicarbonate having been added (to convert the 
excess of caustic alkali into carbonate), the whole is poured into a basin, into 
which some clean sand has been previously placed, and evaporated to dryness 
over the water bath, stirring well towards the end of the process. The dry 
residue is then scraped off the basin into a dry bottle, and 200 c.c. of ether 
(or petroleum spirit) having been added, the bottle is closed and shaken 
from time to time, and then set aside for twelve hours to settle. 100 c.c. 
are poured off clear into a weighed basin, and the solvent being driven off 
by a gentle heat, the residue of mineral oil, paraffin, or unsaponifiable matter 
is weighed. All fats contain some small trace of unsaponifiable matter, but 
mineral oil or soft paraffin are easily recognised by their characters when 
thus isolated. 


e 

(7) Free Acids in Fats. If some phenol-phthalein be added to rectified 
spirit, and then exceedingly dilute soda added drop by drop till a faint pink 
is produced, and the oil or fat be introduced, and the whole warmed and 
shaken, the colour will disappear in the presence of any free acid. To 
estimate its amount a weighed quantity is treated in the same way, and 
titrated with decinormal soda till the pink is restored. Each c.c. of 4; soda 
= ‘0282 oleic acid or ‘0284 of stearic acid. The B.P. employs this method 
to find that the free fatty acids in wool fat are not excessive. It takes 5¢ 
grains, dissolves in ether, adds phenol-phthalein, and uses two grain measures 
of xormal soda. 


(8) Estimation of Oleic Acid. One gramme of the impure fatty acid is 
saponified in a basin by heating with a slight excess of alcoholic potash 
till dissolved, and then diluted with water. This solution is treated with 
acetic acid drop by drop, until on stirring a faint permanent turbidity ensues. 
Dilute solution of potassium hydrate is then stirred in drop by drop till 
the liquid just clears up, and then solution of plumbic acetate is stirred in 
until precipitation ceases. The precipitate having been allowed to settle, 
the supernatant liquor is poured off and the soap washed once with boil- 
ing water. A little clean sand is rubbed up with the soap in the basin, 
and the whole scraped out and transferred to a ‘Soxhlet,’ in which it is 
thoroughly exhausted with go c.c. of jure ether. The ethereal solution 
(which now contains only plumbic oleate, the plumbic palmitate and stearate 
being left insoluble in the “ Soxhlet”) is transferred to a special apparatus, 
sold by apparatus vendors as “‘ Muter’s oleine tube.” This is a graduated and 
stoppered tube holding 120 c.c., and having a spout and stopcock at 30 c.c. 
from its base. Previously to introducing the ether, place 20 c.c. of dilute 
hydrochloric acid (1 in 3) into the tube, and then make up the whole with 
ether rinsings of the basin to the 120 c.c. mark. Close the tube, shake well, 
and set aside. When-settled, note the full volume of the ethereal solution 
of oleic acid, and run off an aliquot part from the tap into a weighed dish, 
evaporate, dry in the water oven, and weigh. Finally calculate this weight 
to that of the whole bulk of ethereal solution previously noted, thus getting 
the amount of real oleic acid present in the gramme of crude acid started with. 


(9) Detection and Estimation of Arachidic Acid. This becomes necessary 
when it is desired to detect the presence of gvound-nut vil in olive or other 
seed oils. ‘The grammes of the oil are treated exactly as above directed for 
the estimation of oleic acid up to the point of extraction with ether. The 
residue left in the “Soxhlet” contains plumbic arachidate if ground-nut oil 
be present. This residue is suspended in hot water and acidulated with HCl, 
when the free fatty acids float to the top and form a cake on cooling. This 
cake is dissolved by heat in 50 c.c. of go per cent. alcohol, and on cooling 
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any arachidic acid is deposited in crystals. Filter these crystals off, and wash 
them on the filter, first with a /:mtted and measured number of c.c. of go per 
cent. alcohol at 20° C., then with 70 per cent. alcohol, and finally dissolve 
them by pouring boiling absolute alcohol on the filter, receiving the filtrate 
in a tared dish or flask. Evaporate to dryness on the water bath, and weigh 
the residue, consisting of crude arachidic acid. Add to the weight thus 
obtained ‘00045 for each c.c. of the go per cent. alcohol used (that being the 
solubility of arachidic acid in such alcohol at 20° C.). Finally the amount of 

ground-nut oil present in the sample may be found by multiplying the weight 
of the acid by 20. 


(ro) Estimation of Rosin Oil in Fats. This process depends upon the fact 
that, when an ordinary oil is acted upon by bromine in the dark, little or no 
substitution of bromine for hydrogen takes place, and consequently there is 
| only a very small production of hydrobromic acid, while with rosin oil and 
| resin itself all the action is one of substitution, and, consequently, each mole- 
cule of hydrobromic acid formed must represent an atom of substituted bromine. 
o°5 gramme of the oil is dissolved in a little carbon tetrachloride, and placed 
| in a 500 c.c. bottle with an accurately ground stopper. To this is then added 
_ half a c.c. of bromine dissolved in 50 c.c. of carbon tetrachloride, and the 
whole is put away in the dark for eighteen hours. The bottle is then placed 
in ice, and a short piece of india-rubber tubing having been slipped over the 
neck, so as to form a well round. the stopper, this receptacle is filled 
with distilled water, and the stopper is carefully opened, so that the water is 
sucked into the bottle without loss of hydrobromic acid vapour. The 
introduction of water is continued until 25 c.c. have been run in, and the 
bottle is then well shaken. Some potassium iodide having been added, with 
75 c.c. more water and some starch water as an indicator, just sufficient solution 
of sodium thiosulphate is added until all colour is entirely removed. The 
contents of the bottle are then transferred to a separator, and the aqueous 
portion is run therefrom (through a filter if necessary) into a white basin and 
titrated with 4, NaHO, using methyl orange as the indicator. The number 
of c.cs. of soda used, multiplied by 1°6 (¢.2., 008 x 200), gives the “ bromine 
substitution figure.” For rosin oil this figure averages 57°5, consequently 
each ‘575 of “ bromine substitution ” represents 1 per cent. of rosin oil in the 
sample. For linseed oil the results will be found very accurate, but, when 
dealing with oils generally, it is well to allow something for slight natural 
substitution, and it is therefore wise to overlook any “ bromine substitution ” 
obtained under 1 per cent. If the blue colour should return during the 
separation and filtration of the aqueous liquid, more thiosulphate is to be 
added before titration. The titration is more delicate when a measured 
excess of ,5 soda is added and then checked back with 45 HCl. 


XII. ANALYSIS OF WAXES. 


I. Bees’ Wax. (a) APPARATUS REQUIRED. 


(1) A solution of 30 grammes KHO in 1000 c.c. alcohol of 90 per cent. 

(2) Seminormal solution of HCl (= 18:25 grammes real HCl per litre). 

(3) A flask of 250 c.c. capacity, heated by a water bath. 

(4) An upright reflux condenser, having a cork to fit the flask. 

(5) An alcoholic solution of phenol-phthalein which has been carefully treated 
with very dilute KHO until a very faint pink has been produced. 


(4) THe Process. Place 2°5 to 5°o grammes of the wax into the flask with 

50 c.c. of go per cent. alcohol, add some phenol-phthalein solution, heat to 
boiling, titrate with the alcoholic potash until a pink colour is developed, and 
_ record the number of c.c. of potash solution used as “tration No. 1. Now 
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continue the addition of the potash into the flask until 50 c.c. in all has, 
been run in from the burette, attach the condenser and boil for an hour, 
during which the wax will saponify and dissolve; but should it contain 
paraffin, this. latter will remain unaffected in greasy drops, frequently adher- 
ing to the flask. When the boiling is completed, detach the flask, estimate 
the excess of potash remaining uncombined by titration with } HCl, till 
the pink colour is discharged, and note the number of c.c. used as “tration 
Vo. 2. While the saponification of the wax is proceeding, the exact strength 
of the alcoholic potash is ascertained by titrating 50 c.c. with the } HCl in 
the presence of phenol-phthalein, and noting the number of c.c. of the acid 
equivalent thereto. ‘The volume of potash solution used in titration No. 1 is 
first calculated to the volume of } HCl equivalent, and then the number of 
20°5 

weight of wax taken 
take the volume of acid found to be equal to 50 c.c. of potash, and from that 
deduct the volume of acid employed in titration No. 2, when the difference 
; 33'8 

get weight of wax taken 
Owing to the presence in all bees’ wax of a little cerolein (having a lower 
equivalent than myricine), these two results will always add up to a trifle over 
100 in the pure article. 


(c) Jupcinc THE Resutrs. Before forming an opinion it is necessary to 
test the wax qualitatively as follows :— 


(1) For fatty acid and resin, by boiling 1 part of wax with 20 of alcohol, and 
filtering a portion into an excess of water, when pure wax will give only 
a slight opalescence, but fatty acid will separate in flocculent masses—and 
resin as a finely divided precipitate. The rest of the alcoholic liquid is to be 
then evaporated to dryness, and the residue, having been boiled with nitric 
acid (1°20 sp. gr.) and cooled, is treated with excess of solution of ammonia, 
when a blood red = resin. 

(2) For fats and Japan wax. The residue of the wax insoluble in spirit is boiled 
with 35 c.c. of 15 per cent. aqueous solution of NaHO for half an hour 
(taking care to maintain the volume by occasional addition of water), cooled, 
filtered, and the filtrate acidulated with hydrochloric acid, when only a faint 
opalescence will occur with genuine wax. 

(3) For paraffin. The presence of this body is generally sufficiently evident during 
saponification as above described. The following is the U.S.P. test, which 
is, unfortunately, not always successful with the kind of paraffin now used 
for adulterating bees’ wax :—If 5 grammes of yellow wax be heated in a 
flask for fifteen minutes, with 25 c.c. of sulphuric acid, to 160° C. (320° F.), 
and the mixture then diluted with water, no solid, wax-like body should 
separate. 

Having thus got the needful information, the principles on which we then 
calculate (laid down by Mr. Hehner, the inventor of the process, and 
subsequently confirmed by other observers) are as follows :— 

(a) In genuine bees’ wax the proportion of the two main constituents, 
when estimated as above, always comes out as 1 of cerotic to 6117 of 
myricine (or practically 1 to 6). 

(4) The presence of fatty acids increases the apparent percentage of 
cerotic acid, and the excess thus shown over the normal amount, calculated 
from the percentage of myricine found + 1°518 = the fatty acid present. 

(c) The presence of fat or Japan wax increases the apparent percentage of 
myricine, and such excess over the calculated normal amount of myricine 
+ 2°39 = fat present (or 2°52 = Japan wax). 

(2) The presence of paraffin lowers both the cerotic acid and myricine in 


proportion, and its amount may be fairly obtained by adding them together 
and deducting from too. 


c.c. so found x = percentage of Cerotic Acip, Next 


= percentage of MyricInE (myricyl palmitate). 
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(e) When both fat and fatty acids or Japan wax (which contains free 
palmitic acid and palmitine, in the average proportion of about 1 to 10) 
are present, then it becomes a matter of algebra, and we apply the following 
formula, in which A = per cent. of apparent cerotic acid, B = per cent. of 
apparent myricine, X = unknown cerotic acid. Then— 

1 re eae B—6117X _- 
xX + aT + 6117X + ee Te or 
X = 25°649 — ("1689A + *1073B); 
or for Japan wax— 


A-X B - 61X 
X + ae rg + 61X + 2516 = 100, 
Should such wax also contain paraffin, a direct estimation thereof must also 
be attempted. This may usually be done by destroying the wax on the 
water bath with fuming sulphuric acid, and then cooling, diluting, extracting 
the paraffin with ether or petroleum spirit, evaporating off the solvent, and 
weighing the paraffin. It is to be noted that an adulterant containing paraffin 
called “‘cerosin ” is now produced, which sometimes defeats this process. 

(7) No wax containing any notable amount of paraffin ever yields percentage 
of the two chief ingredients coming up to 100; while samples adulterated 
with fat and fatty acids (or Japan wax), and free from paraffin, always add 
up to a figure markedly exceeding 103. 


II. Tests to distinguish between Chief Unofficial Waxes. Dissolve, by 
heat, 1 of wax in ro of chloroform, and cool to 15° C. 
Case J. The cold solution is clear. 
(1) The original is soluble in ether. 
(a) Alesholic Fe,Clg gives ppt. insoluble on boiling: AZyrica 


guercifolia. 
(4) Alcoholic Fe,Clg gives black: JZyrica (species uncertain). 
(c) re m », brown colour, but no ppt.: Oriziba 
Wax. 


(2) The original is not entirely soluble in ether. 
Saponify by boiling with 10 parts of N alcoholic potash, and then 
boil with 100 parts H,O :— 
(a) Completely soluble: Japan wax. 
(2) Only partially soluble: African bees’ wax. 


Case ZZ. The cold chloroformic solution is turbid. 
(r) An alcoholic solution of the original becomes turbid with alcoholic 
plumbic acetate: Zac wax. 
(2) No turbidity is produced; then— 
(2) An ethereal solution of the original mixed with its own 
volume of alcohol becomes turbid: Carnauba wax. 
(6) The solution is clear: Bahia wax. 


XIII. ANALYSIS OF SOAP. 


(1) Direct Estimation of Fatty Acids. Two grammes of the soap, in 
fine shavings, are shaken up in a separator, with a slight excess of dilute 
sulphuric acid to liberate the acids. Ether is then added, and the fatty acids 
which have been liberated are dissolved up in it. When the decomposition 
of the soap is complete, the liquid below the ethereal solution is removed. 
With a little care this can be done very completely, without any loss of 
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the ethereal solution. ‘Ihe ether is then shaken up with distilled water, and 
the latter drawn off as before, and this process of washing repeated three 
times more. When all but a few drops of the wash-water has been drawn 
off, a few drops of barium chloride solution are added, the mixture shaken up, 
and the last traces of sulphuric acid thus removed. With a little practice 
so little water is left below the ethereal solution that the latter can be 
directly drawn off and evaporated in a weighed dish, and the residue finally 
dried in the water oven and weighed. The fatty acids thus obtained also 
contain resin acids in any soap made from fat and resin (such as primrose 
soap). In this case we must proceed to estimate the resin acids (sec. 5), and 
deduct them, when the balance will be the true fatty acids. 


(2) Convenient Method for General Analysis. (a) Cut the soap across, and 
drop a solution of phenol-phthalein in alcohol upon the freshly cut surface, 
when any red colour shows the presence of free alkali. If free alkali be 
found, dissolve 5 grammes in absolute alcohol, add phenol-phthalein, titrate 
with decinormal acid, and calculate to NaHO or KHO, according to which 
alkali is present. 


(4) Dissolve 2 grammes of the soap in absolute alcohol by the aid of heat, 
add a drop of solution of phenol-phthalein, and pass CO, till any red colour 
disappears. Filter through a tared filter, and wash any insoluble matter 
found with warm alcohol, dry at 100° C., and weigh; this will give ¢ofa/ 
impurities (such as alkaline carbonates, silicates, or borax). The filtrate and 
washings are then to be evaporated on the water bath in a weighed platinum 
dish, the residue being dried in the water oven to constant weight and 
weighed = actual vea/ soap present. Thedish and contents are then gently 
heated to redness, the residue left being dissolved in water and titrated with 
decinormal acid, using methyl orange as the indicator. The number of c.c. 
used is multiplied by ‘oo31 for hard soda soaps, or by ‘oo47 for soft potash 
soaps, and the resulting amount of alkali being deducted from the weight of 
real soap found, the difference xX 1°03 = amount of fatty acids. The weights 
of veal soap and fotal impurities added together, and deducted from 2, give 
the water present in the sample. Finally, everything is calculated to 
percentage. 


(3) Glycerine and Sugar in Soap. The liquid run off from the separator 
during the estimation of the fatty acids (see par. 1) is neutralised with soda, © 
and evaporated to dryness at a very gentle heat. The residue is extracted 
with a liquid composed of two parts, by volume, of absolute alcohol, and one 
of chloroform, filtered and washed with the same solvent. The filtrate is 
mixed with double its volume of distilled water, when the chloroform separates 
out, leaving the glycerine in the diluted spirit, in which it may be detected by 
_ the borax test, and estimated if desired by the author’s copper process, 
originally published in ‘The Analyst,” vol. vi., p. 41. The residue on the 
filter is dissolved in water, a few drops of the solution are tested for sugar, 
and, if it be found, the rest is inverted by dilute acid made to a fixed bulk, 
and the sugar estimated by Fehling. Sugar is a common adulterant of so-called 
“ glycerine toilet soaps.” 


(4) Carbolic Soaps. Twenty grammes of the soap are dissolved in 20 c.c. 
of ro per cent. solution of potash and 180 c.c. of water, and then 200 c.c. of 
brine (saturated) are added. This causes the soap to precipitate, and then 
200 C.c. (equal to ro grammes of soap) are filtered off, and evaporated until 
salt begins to separate out. The whole is then introduced into a specially 
shaped tube, known as ‘ Muter’s carbolic tube,” and acidulated, when the 
carbolic or cresylic acids (phenols) rise to the top, and their amount is read 
off on a scale specially graduated for the purpose. This process is the only 
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one that will give a fair approximation to the phenols put in, the ordinary 
bromine method entirely failing unless pure crystallisable phenol has been 
used, which is rarely the case in ordinary cheap articles. 


(5) Estimation of Resin in Soap. Ten grammes of the soap are dissolved 
in warm water, heated to boiling, and the fatty acids thrown up by excess of 
hydrochloric acid. The acids are collected, and washed with boiling water until 
free from all trace of acidity. They are then transferred to a narrow vessel, 
and kept melted therein until any contained water has completely settled out. 
o*5 gramme of these acids is then weighed out and treated by the process 
already given under the analysis of fats (page 199). The “ bromine substi- 
tution figure” for the fatty acids found in commercial soaps has been 
proved by the author to be practically nil, while that of resin, as usually 
employed in soap manufacture, is 105. Therefore every r'o5 of “bromine 
substitution figure” found will represent 1 per cent. of resin in the fatty 
acids, and this result multiplied by the percentage of fatty acids already 
found in the soap and divided by roo will give the percentage of resin in the 
sample. 


XIV. VALUATION OF DIGESTIVE FERMENTS. 


(a) Valuation of Pancreatin (U.S.P. process). If there be added to 
too c.c. of tepid water contained in a flask o'28 gramme of pancreatin and 
1°5 gramme of sodium bicarbonate, and afterwards 400 c.c. of fresh cow’s milk 
previously heated to 38° C., and the whole maintained at this temperature for 
half an hour, the milk should be so completely peptonised as to cease to 
be coagulable by the addition of nitric acid. 


(4) Valuation of Pepsin (U.S.P. process). Prepare, first, the following 
three solutions :— 

A. To 294 c.c. of water add 6 c.c. of diluted hydrochloric acid. 

B. In too c.c. of solution A dissolve 0'067 gramme of the pepsin to be 
tested. 

C. To 95 c.c. of solution 4, brought to a temperature of 40° C. (104° F.), 
add 5 c.c. of solution B. 

The resulting too c.c. of liquid will contain 2 c.c. of diluted hydrochloric 
acid, 0.00335 gramme of the pepsin to be tested, and 98 c.c. of water. 

Immerse and keep a fresh hen’s egg during fifteen minutes in boiling water ; 
then remove it and place it into cold water. When it is cold, separate the 
white, coagulated albumin, and rub it through a clean sieve having 30 meshes 
to the linear inch. Reject the first portion passing through the sieve. Weigh 
off 10 grammes of the second, cleaner portion, place it in a flask of the 
capacity of about 200 c.c., then add one-half of solution C, and shake 
well, so as to distribute the coherent albumin evenly throughout the liquid. 
Then add the second half of solution C, and shake again, guarding against 
loss. Place the flask in a water oven or thermostat, kept at a temperature of 
38° to 40° C. (100°4° to 104° F.), for six hours, and shake it gently every 
fifteen minutes. At the expiration of this time the albumin should have 
disappeared, leaving at most only a few thin, insoluble flakes. (Trustworthy 


results, particularly in comparative trials, will be obtained only if the 


temperature be strictly maintained between the prescribed limits, and if the 
contents of the flasks be agitated uniformly, and in equal intervals of time.) 

The relative proteolytic power of pepsin stronger or weaker than that 
described above may be determined by ascertaining, through repeated trials, 
how much of solution 2, made up to 100 c.c. with solution A, will be required 
exactly to dissolve 10 grammes of coagulated and disintegrated albumin under 
the conditions given above. 
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_ Saccharated pepsin, when tested by this process, with the modification 
that 0°67 gramme of it is to be taken: in preparing solution B, should digest 
300 times its own weight of freshly coagulated and disintegrated egg albumin. 


XV. ESTIMATION OF HYDROUS CHLORAL. 


100 grains, dissolved in one fluid ounce of water and distilled with 30 grains 
of slaked lime, should yield 70 grains of chloroform. 

In working with metrical weights we weigh out 5 grammes of the sample, 
place it in a small flask having a side tube attached for distillation (Erlen- 
meyer’s), and add 25 c.c. of water, and 1°5 gramme of calcium hydrate. 
Cork the tube, and attach it to a short condenser, having a 10 c.c. graduated 
measure (showing ,/, c.c.) at the other end. Apply the heat of a water bath, 
and distil until all the chloroform has passed over, and collected in the 
measure beneath a slight layer of water. At the end of the operation read 
off the volume of the lower (chloroformic) layer, which should not be less 
than 2°34 c.c. To obtain the actual weight of the chloroform multiply its 
volume (in c.c.) by 1°49. 


XVI. VALUATION OF MANNA. 


Put 5 grammes of the manna into a flask with 80 c.c. of rectified spirit, 
and boil under an upright condenser for some time, till nothing more dissolves. 
Pour off rapidly into a tared basin, taking care that none of the insoluble 
matter comes into the basin. Cover up with glass plate, and set aside to 
crystallise. Pour off the mother-liquor, and, having allowed the crystals 
to become air-dried, weigh and deduct the tare of the basin. The crystals 
so obtained must not weigh less than 3 grammes, but in good samples they 
should be nearly 4 grammes. If an upright condenser is not handy, mark 
the flask at 80 c.c. ; then start with go c.c. spirit, boil down to the 80 mark, 
and pour off. 


XVII. ESTIMATION OF PHENOL. 


The method for the determination of phenol quantitatively in ordinary 
carbolic acid has been already given under Volumetric Analysis (page 123). 

When dealing with the so-called “commercial liquid carbolic acid ” (which 
is not phenol, but a mixture of cresol with some higher phenols, and a trace 
of naphthalin), and of the disinfecting powders made therefrom, this process 
is practically useless. An approximation to the truth may be made by using 
Calvert’s No. 5 acid as a standard to set the “hypo,” but it is better to 
employ the process devised by the author, and given in full in “ The Analyst,” 
vol. xii., page 191, and vol. xv., page 63, to which reference is hereby made. 

The amount of water contained in a solution of carbolic acid may be 
determined by agitating the solution, in a graduated cylinder, with an equal 
volume of chloroform. After standing, the upper layer consists of the water 
contained in the mixture.—U.S.P. 


XVIII. ESTIMATION OF GLYCERINE. 


This process depends on (1) obtaining the glycerine free from other oxi- 
disable bodies, such as alcohol, sugars, etc. ; (2) oxidising it with potassium 
bichromate in the presence of sulphuric acid to carbon dioxide and water by 
the following equation :— 

3C,H,(OH), + 7K,Cr,0; + 28H,SO, = 7Cr,(SO,), + 7K,SO, + 9CO, + 40H,0 ; 
and (3) estimating the amount of CO, evolved. 
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The relation between carbon dioxide and glycerine is that 396 parts by 
weight of CO, represent 276 parts of glycerine, or, in other words, the weight 
in grammes of CO, found multiplied by -69697 gives the amount of glycerine 
in the quantity weighed out for analysis. The process is conducted in an 
ordinary apparatus for the estimation of carbon dioxide like that figured on 
page 156, fig. 36. The fluid containing the glycerine is first tested for the 
presence of sugars, both cane and glucose, and if they are absent a measured 
quantity (say 100 c.c.) is evaporated on the water bath with 3 c.c. of milk of 
lime and 2 grammes of pure sand, till a fairly detachable residue is obtained. 
This is then scraped from the basin and extracted in the “ Soxhlet” with 
absolute alcohol. The alcohol is distilled off in a weighed flask, and the 
weight of the residue taken. The residue is then dissolved in a little 
distilled water, and such an aliquot part taken for analysis as shall not 
contain more than ‘5 gramme of glycerine. This is introduced into the 
apparatus with 4 grammes of potassium bichromate in saturated solution, and 
into the acid reservoir are placed ro c.c. of strong sulphuric acid, the absorb- 
ing tube being also charged with the same acid. The apparatus is weighed, 
and then the acid in the reservoir is allowed to mix with the glycerine and 
bichromate. Action sets in, and after standing for three hours in a warm 
place, the whole is heated to gentle ebullition, cooled, and weighed. The loss 
of weight equals the CO, evolved, and this is then calculated to glycerine as 
above, and lastly corrected from the aliquot part to the whole. In the presence 
of sugar the liquid must first be inverted by boiling with dilute hydrochloric 
acid (if cane sugar be present), and then evaporated with an excess of barium 
hydrate instead of lime. This will either decompose the sugars, or render 
them insoluble in the alcohol subsequently applied. 


XIX. ANALYSIS OF ESSENTIAL OILS. 


1. Physical Constants. The specific gravity and the specific rotation in 
the polariscope, using a tube 100 m.m. long at a temperature of 15° C., are of 
importance, although variable within narrow limits. The following are the 
average results with a few of the chief oils :— 


No. Sp. Gr. Optical rotation. 
1 Oleum Anethi *OIS 5 ; ; . + 63'5. 
2 4  Anisi - . 985 (at'20° C.) i. . — 80 to — 1°20. 
% > Aaeanti.°. ae? fas a : . +95. 
4  Bergamotte ., 886. : : . +5 to+ 15 (average 10°00). 
ae: eee GRO x): : . very slight in either direction. 
G4;  Carai ? 2 "9g0..-~: ; ; . +75 to+ 85 (average 80). 
7 5, | Caryophylli . ross  . , . . inactive or very slightly —. 
Sk Cassie: |. « £060) ; ; . inactive. 
9 , Cinnamonii . 1040 . p : ; Fe 
10 64, Cubebe . Pah. | Saar : : . — 40. 
11 ,,  Eucalypti. ii? 7 ble ; : . 25. 
2 gy Sh Juniper > . ‘850 (increasing by age) — 7 (disappearing by age). 
13. 5, + Lavandulz . 882 Pe 9» 95  —7 to — 10 (decreasing by age). 
Tar > 350" oanOnS: 1 sSggee é : : 3 
15 , Menthe pip. . ‘900 to ‘920 . : . — 29 (English) — 12 (American). 
BG 5-253 PPR MIT OS : é . — 49. 
E745. Mieyzistice Peak) (> ean : : . +16. 
18 ,,.. Pimente . BRIA) Fan p 7 .- —4 
19 6©,, Pini Sylvestris . ‘880 . ; , .. +10. 
20 ~4, + Rosmarini 3 PGC 3 p . +5. 
20°) j00bantaln:: GIO i : = . —20. 
22)... »4'', Sinapis.... e11'O20" > : : . inactive. 


The boiling point is scarcely ever constant, as these oils are always mixtures, 
and therefore require fractional distillation in a proper dephlegmator. The 
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results so much depend on the apparatus employed, that it is hopeless to get 
any agreement in this respect between different operations, until an official 
method is definitely laid down. If, however, 50 c.c. of the oil be distilled 
from a long-necked Erlenmeyer’s flask of 100-c.c. capacity, with a thermometer 
in the neck, and placed on a piece of wire gauze, to which heat is directly 
applied by a Bunsen burner, fairly concordant estimations may be made on 
successive quantities. 

The following table shows the boiling points of the chief constituents of 
the common oils within a few degrees of which the chief fraction should be 
obtained. To save repetition, the numbers refer to the oils as arranged in 
the gravity and rotation table given above :— 


eae H.. OCH Boiling points (C.). Se ey? in which found. 
Anethol C,H,. , OCH... rer)? igs ‘ ; No.2, 

Cadinene ‘oii Sg ‘ ; Ne + | se: ; ; 3. INO, 22. 

Carvol . A : : : Ie eae is ; ; J Nes.-256: 

Cineol (Eucalyptol) C,yH,O es Oa ; ; 3 NGS. 15, EES 
Cubebenes C,;H,, . : ; . 260° to 282° ; . LNG e6: 

Eugenol C,H,.OCH,.OH.C,H;.. 250°. . ; . . Nos. 7, 18. 
Limonene C,,H,, .« ; ; ic Oot , 4 » | ANGSS iy 35 Oy RH 
Menthol C,)H,,OH : ; May 2 ping : 5 .- \S¥0. 05: 

Myristicol . : ; : ae" | Oe ees 4 : Sorry: 

Pinene C)) Hy, TORTS : : < INOS. ¥2)49, 16,26; 


2. Chemical Analysis. When the active constituents of essential oils are 
not simple mixtures of terpenes, they are usually capable of chemical deter- 
mination. Many of the processes are, however, still in their infancy, and 
capable of great improvement. ‘The active principles met with may be divided 
into six classes as follows :—(a) Esters (compound ethers) ; (4) Phenols or 
phenolic ethers ; (c) Aldehyds; (¢) Ketones; (e) Alcohols ; (/) Isothiocyanates. 
They may be respectively estimated as follows :— 


(a) Estimation of Esters. A weighed quantity of the oil (say 5 to 10 
grammes) is placed in a strong glass flask of 100 c.c. capacity, capable of 
withstanding pressure, and to this is added 25 c.c. of a solution of 10 
grammes KHO in roo c.c. alcohol. ‘The flask is closed by a cork, through 
which passes a Nn tube containing one inch of mercury, and placed on the 
water bath for two hours. At the end of that period it is removed from the 
bath, cooled, and its contents washed into a 250 c.c. flask, and made up to 
the mark with distilled water. This solution is then titrated with } HCl, 
and the number of c.c. noted as “tration No. 1. While the saponification is 
proceeding another 25 c.c. of the alcoholic potash is diluted to 250 c.c. with 
distilled water, and also titrated with } HCl, and noted as “tration Wo. 2. 
The volume of HCl used in titration No. 1 is deducted from that taken 
for titration No. 2, and the difference represents the alkali absorbed during 
the hydrolysis of the ester expressed in terms of } KHO. The following 
is the equation for calculation of linalool acetate in oils of bergamot and 
lavender, and of the isomeric borny] acetate in oil of pine :— 

CH,CO. OC, Hy; + KHO = C,H,;.OH + CH,.COOK. 
2)196 2)56 
“98 23° 
Therefore each c.c. of } KHO absorbed = ‘og8 grammes of the ester in the 
weight of oil started with. 

(2) Estimation of Phenols and Phenolic Ethers. Such bodies are met 
with in anethol C3Hs.CsH4.OCHs (in oil of amise) and eugenol 
CeH3. OCH3. OH. C3Hs (in oils of clove, cinnamon, and pimento). The 
former does not require chemical analysis, because pure anise oil melts at 
18° to 20° C., and the melted liquid does not boil under 230° C.; but 
the latter may be estimated by mixing 5 grammes of the oil with 
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20 grammes of a 15 per cent. solution of NaHO, and then adding 
6 grammes benzoyl chloride. On cooling crystalline benzoyl-eugenol 
(CgsH;. OCH3;. OCg. H;CO .C3Hs = 268) separates out. These crystals 
are washed by thrice melting them with 50 c.c. of hot water, stirring, and 
filtering off. ‘The crystalline mass is then recrystallised from 25 c.c. of hot 
go per cent. alcohol, and the crystals, having been collected on a small tared 
filter, are washed with go per cent. alcohol till the whole filtrate measures 
exactly 25 c.c., then dried first by pressure between blotting paper, and finally in 
a weighing bottle at 100° C. The weight of the crystals + *55 (allowance for 


eet 6 : 
solubility in 25 c.c. alcohol) x = = eugenol in the 5 grammes started with. 


- Amore rapid process is to warm a known volume of clove oil with 10 per 
cent. solution of potash, and then read off the volume of the uncombined oil 
in a graduated tube. The difference is the eugenol. 


(c) Estimation of Aldehyds. Such bodies are met with as cinnamic aldehyd 
C.H;.C,H,.CHO (in oils of cinnamon and cassia), benzoic aldehyd (in oil 
of bitter almonds), citral CjoHi¢O (in oil of Zemon), etc., and to estimate them 
advantage is taken of the well-known reaction of aldehyds with sodium or 
potassium bisulphite, whereby a crystalline compound is produced which is 
soluble in water. Twenty grammes of the oil are shaken in a flask with 100 c.c. 
of a boiling 30 per cent. solution of sodium bisulphite, and then set aside for 
two hours. As much more water having been added and the whole warmed 
until the crystals dissolve, the contents of the flask are transferred to a 
separator, and the aqueous solution run off into another separator, where it 
is cooled and shaken up with 1ooc.c. of ether. The aqueous layer having 
been removed, the ether is used to wash the contents of the first separator 
into a tared flask, from which the ether is distilled off, and the residual oil 
dried at 100° and weighed. ‘This weight, mznus the tare of the flask, deducted 
from the zo grammes started with, and x 5, gives the aldehyd percentage. 
More roughly, this can be done by simply shaking up to c.c. of the oil in 
a suitable graduated measure (a burette answers well) with excess of hot 
saturated solution of sodium bisulphite, and then reading off the volume 
of the uncombined oil which floats, multiplying by 10, and deducting the 
answer from 100. ‘This idea is taken advantage of qualitatively for the 
detection of imitation oil of bitter almonds (077 of mirbane or nitrobenzo/) in 
the true oil by the U.S.P., which says :— 

If 5 c.c. of the oil be vigorously shaken in a flask with 50 c.c. of a cold 
saturated solution of sodium bisulphite, and the mixture heated for a few 
minutes on a water bath, the odour of the oil should disappear, and a nearly 
clear solution be formed, without the separation of any oily drops on the 
surface of the liquid (absence of most other volatile oils and of nitrobenzo?). 


(d) Estimation of Ketones. Applicable to carvol— 


Spl OH, cH. CEeE c.cH, 


(in oils of carraway, dill, and green mint). Five grammes of the oil are dis- 
solved in 5 c.c. of alcohol, and sulphuretted hydrogen is passed to saturation. 
The resulting crystalline mass is washed on to a filter by the aid of another 
5 c.c. of alcohol saturated with H,S. The filter and contents are submitted 
to pressure in blotting paper till all the liquid is pressed out. The crystals are 
then removed from the paper to a small separator, decomposed with potash, 
and the carvol transferred to a tared beaker (using absolute alcohol to 
remove the last traces), and dried at 100° C. till constant ; or, they are decom- 
posed with potash in a graduated tube, and the carvol which separates is 
measured. By this process the carvol is first precipitated as (CjoHi40).H.S, 
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Fig. 46. 


and then again liberated for weighing. Carvol may also be precipitated 
by phenyl-hydrazine as CioHi,.N.NH.CgHs, and this body purified and P| 
weighed, but the results are not so good, owing to loss in purifying and 
drying. mate | ; 

(e) Lstimation of Alcoholic Bodies. Applicable to menthol CioHyOH (in 
oil of Zeppermint) and borneol Cy)H);;0H (in oil of vosemary). The alcohol 
is first converted into its acetic ester by boiling 10 grammes of the oil under 
an upright condenser for two hours, with 1o grammes of anhydrous acetic 
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acid and 1 gramme of fused sodium acetate, when the following reaction 
takes place :— 


CyH,OH + (CH,CO),O = C,yH\OCH,CO + CH,COOH. 


The whole is washed into a separator, and there shaken up with successive 
quantities of water, until the washings run free from acidity. The menthyl 
acetate (or bornyl- acetate) is then dried over calcium chloride and treated 


14 
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by the process for esters [ (a) page 206]. Each c.c. of the } KHO absorbed 


corresponds to ‘o78 menthol or ‘077 borneol in the weight of oil started with. 

(f) Estimation of Allylisothiocyanate (in essential oil of mustard). ‘This is 
best done by placing 5 grammes of the oil in a tared platinum dish, dissolving 
in 5 c.c. of alcohol, and then adding an equal volume of solution of ammonia. 
By such means we obtain allylthiourea thus :— 


C,H;NCS + NH, = Cane . C,H 
—, - 2 
v9 116 


The contents of the dish are then slowly evaporated and finally dried at 70° C., 
till constant and weighed. ‘This weight —dish tare x ;°° = allylisothiocyanate 
in the oil started with. 


DIVISION Il. ANALYSIS OF URINE. 


A sample of urine taken for analysis should be that first passed by the 
patient in the morning, or, better, a portion taken from the total twenty-four 
hours’ urine. 

The following are the chief points on which information is usually required 
by the physician who submits urine for examination to an analyst :— 


1. Take the specific gravity, which should range from r°o15 to 1'025 at 
60° F. For every 1° F. above 60° add ‘ooo1 to the observed specific gravity. 
By multiplying the last two decimals of specific gravity by 2°33 we have the 
grammes per litre of total solid matter. Make a note also of the daily 
quantity, which should be 1200 to 1500 c.c. (40—50 fl. oz.). On standing 
some time urine undergoes ammonic fermentation, and becomes alkaline in 
reaction. . 


Note.—In diabetes the gravity is too high, sometimes reaching 1°'060, while in albuminuria 
it is abnormally low, even occasionally falling to 1°005. 


2. Examine the reaction, which should be very faintly acid. 

3. Set a portion to settle in a long glass, and examine the deposit under 
the microscope for calcium oxalate or phosphate, uric acid or urates, pus, 
casts or kidney tubes, etc., etc. (See pages 208 and 209, and fig. 50, p. 213.) 


Note.—The nature of the deposit may also be confirmed chemically as follows :— 

(a) Warm the urine containing the sediment, when, if the latter should dissolve, it 
consists entirely of urates. In this case let it once more crystallise out, and 
examine it by the ordinary course for Ca, Na, and NH,, to ascertain the 
bases. 

(2) If the deposit be not dissolved by heating, let it settle, wash once by decantation 
with co/d water, and warm with acetic acid. Phosphates will dissolve, and 
may be reprecipitated from the solution by excess of NH,HO filtered out, 
well washed with boiling H,O, dissolved in HC,H,O,, and examined for Ca 
or Mg by the usual course for these metals in presence of PQ,. 

(c) If the deposit be insoluble in acetic acid, warm it with HCl. Any soluble 
portion is calcium oxalate, which may be precipitated by NH,HO. 

(@) If the deposit be insoluble in HCl, it is probably uric acid. In this case apply 
the mzvexid test as follows :—Place it in a small white dish, remove moisture 
by means of a piece of bibulous paper, add a drop or two of strong HNO,, 
and evaporate to dryness at a gentle heat. When cold add a drop of 
hr which will produce a purple colour, deepened to violet by a drep 
of KHO. 


4. Test for albumin, as follows :— 


(a) Botling test. Filter the urine, place ro c.c. in a narrow test tube, 
and add one drop of acetic or nitric acid. Heat the tube 


— 
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over a small flame in such a way that the upper portion of 
the liquid only shall be heated. Coagulation will take place, 
and the presence of albumin will be evident from the formation 
of a turbidity ranging from a faint cloud to a dense coagulum, 
but always strongly contrasted with the clear liquid beneath, 
which was not heated. Mucin also precipitates with this test. 


(6) Nitric test. ‘To five volumes of cold sa¢urated solution of magnesium 


4c) Picvic acid test. Dissolve 7°5 grammes of pure crys- 


(@) Bédehers method. Take a drachm of the urine, 


or precipitate, and then heat to boiling. The true 


sulphate add one volume of nitric acid (sp. gr. 1°42), and pre- 
serve this reagent for use. Pour some perfectly clear filtered 
urine into a tube, and carefully add an equal volume of the 
reagent, delivered gently from a pipette, so that the 
liquids shall not mix. An opalescent zone will 
form at the point of contact either immediately or 
within twenty minutes, according to the quantity 
of albumin present. , This zone should not dissolve 
on gently warming, but should be a distinct ring 
at the bottom of the urine, and not a general haze 
near the top, which latter indicates mucin. If the 
zone of contact has a pink colour, zzd@ican or other 
colouring matter is excessive. Indican may be 
further confirmed by mixing equal volumes of 
urine, strong HCl, and chlorine water, which pro- 
duces a violet colour, and may be estimated by 
colour titration with chloroformic solution of indigo 
of known strength. : 


tallised trinitro-phenol (picric acid) in 500 c.c. of 
water, let it stand for some days to perfectly 
clarify, pour off, and preserve the reagent for use. 
Mix some of the filtered urine in a tube with an 
equal volume of this reagent, look for any cloud i 
albumin cloud will remain permanent, while that 
due to peptones or alkaloids accidentally present 
will be dissolved. Picric acid does not precipi- 
tate mucin, and is therefore a valuable con- 
firmatory test. 


acidulate it with acetic acid, and add some potas- 
sium ferrocyanide drop by drop till a clear excess 
has been added. If during the addition a pre- 
cipitate forms, albumin is to be suspected. Mere 
traces require some time to cause the cloud. 


Be tt 
SS See 


Fig. 2B. 


4e) Zo estimate the albumin. ‘This may be done empirically by means 


of an albuminometer (fig. 48). Fill to u with the urine and R 
with the precipitant (picric acid 10 grammes, citric acid 20 
grammes, and water to make 1000 c.c.). Mix by inverting the 
tube several times, not by agitation, and set aside for 24 hours. 
The height of the precipitate, as indicated by the graduations, 
represents the grains of albumin per thousand c.c. of urine. Be 
careful to read the height of the precipitate from the middle of 
the albuminous surface. Ifthe urine is alkaline, make it acid 
with acetic acid. In the absence of such a convenient appliance 
we may take a weighed quantity of the urine, and allow it to 
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drop into boiling water acidulated with aceticacid. Collect the 
precipitate on a tared filter, wash with boiling water, dry at 
100° C., weigh, and deduct the weight of the filter, when the 
balance = albumin in the weight of urine operated upon. 


5. Test for grape sugar, as follows :— 


(a) Moore’s test. Acidulate with acetic acid, boil, and filter out any 
albumin if necessary. Then mix the filtrate with equal parts of 
liguor potasse and heat to boiling, when ordinary urine will turn 
brownish red, but saccharine urine will become dark brown or 
black; °'* 

(4) Boettger’s test (modified by Nylander). Dissolve 2°5 grammes. 
of pure bismuth oxynitrate (free especially from silver) and 
4 grammes of Rochelle salt in too grammes of 8 per cent. 
solution of sodium hydrate, and preserve for use. To use this. 
reagent 1 c.c. of urine is added to ro c.c., and the whole boiled 
gently for some time, when if even only traces of sugar be 
present the mixture becomes black. 

(c) Fehling’s test. Render the urine alkaline with potassium hydrate, 
and filter to remove any phosphates, etc., which may pre- 
cipitate. Boil the filtrate with Fehling’s solution of copper (see 
page 130), and if a precipitate should form sugar is present. 

(2) Zo estimate the sugar. This is best done by taking ro grammes. 
of the urine and diluting it with water to 100 c.c. — Place this. 
solution in a burette, and run it gradually into 10 c.c. of Pavy’s 
or Fehling’s solution, kept boiling in a flask as directed under 
the Volumetric Analysis of Sugar, page 130. The number of 
c.c. of urine used will contain ‘oo5 gramme of grape sugar if 
Pavy’s solution, or ‘o5 gramme if Fehling’s, was used, and then 
rid oma N (Pavy), or 00 25 (Fehling) = sugar in the 10 
grammes of urine taken. 

(¢) Estimation of ‘sugar by fermentation. Take 1 gramme of com- 
mercial compressed yeast; shake thoroughly in the graduated 
test tube with ro c.c. of the urine to be examined. Then pour 
the mixture into the bulb of the saccharometer (shown in fig. 49,. 
page 213). By inclining the apparatus the mixture will easily 
flow into the cylinder, thereby forcing out the air. Owing to 
the atmospheric pressure the fluid does not flow back, but ' 
remains there. The apparatus is to be left undisturbed for 20. 
to 24 hours in a room of ordinary temperature. If the urine 
contains sugar, alcoholic fermentation begins in about 20 to 
30 minutes. The evolved carbonic acid gas gathers at the top. 
of the cylinder, forcing the fluid back into the bulb. On the 
following day the upper part of the cylinder is filled with 
carbonic acid gas. The changed level of the fluid in the 
cylinder shows that the reaction has taken place, and indicates. 
by the numbers—to which it corresponds—the approximate 
quantity of sugar present. If the urine contains more than 
i per cent. of sugar, then it must be diluted with water before 
being tested. Diabetic urines of straw colour and a specific 
gravity of 1018—1022 may be diluted twice ; of 1022—1028, 
five times ; 1028—1038, ten times. The original (not diluted). 
urine contains, in proportion to the dilution, two, five, or ten. 
times more sugar than the diluted urine. 
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6. Test for bile, as follows :— 


(a) Oliver's test. Dissolve 2 grammes of flesh peptone, ‘25 gramme 
of salicylic acid, and 2 c.c. of 33 per cent. acetic acid in 
enough water to yield 200 c.c. of pro- 
duct. The solution should be rendered 
perfectly brilliant by passing it through 
frozen filtering paper. The urine, which 
should be very clear, is diluted to a 
specific gravity of 1°008. One cubic 
centimetre of this is added to 3 c.c. of 
Oliver’s reagent. An opalescence at 
once appears, which will be found to be 
more or less distinct according to the 
quantity of bile salts present. Keller’s 
contact method can be advantageously 
employed for applying the test. 

(6) Gmelin’s test for bile pigments. Place a drachm of nitric acid in 
a test tube, and cautiously pour upon it an equal volume of the 
urine. In the presence of bile a play of colours from green 
to violet, blue, and red will be observed where the liquids touch. 

(c) Pettenkofer’s test for biliary acids. Mix equal parts of urine and 
sulphuric acid, add one drop of saturated syrup, and apply a 
gentle heat. If biliary acids be present, the colour will change 
from cherry-red to deep purple. 

Note.—Bilious urine is usually of a brownish-green colour. 
7. Test for urea, as follows :— 

(a) Separate any albumin (as directed in Moore’s test) if necessary, 
and evaporate an ounce of the urine to a syrupy consistence on 
the water bath. When cold add nitric acid, drop by drop, till 
crystals of nitrate of urea cease to deposit. 

(6) Estimation of urea. This is performed by the hypobromite process 
already given at page 135. Normal urine contains 2 to 3 per cent. 

8. Test for uric acid by mixing one ounce of the urine with one drachm of 
hydrochloric acid in a beaker, and set aside 
for some hours. ‘The uric acid will be de- 
posited in reddish-brown crystals, which 
may, if desired, be weighed and proved by 
the murexid test. Normal urine contains 
3 to 7 parts per thousand. 

| A volumetric method is also used which is 
‘| based on the known fact that argentic urate 
is insoluble in ammonia, but dissolves 
in nitric acid. The solutions required 
are:—1. “;%, ammonium thiocyanate” ; 
dissolve about 8 grammes of ammonium 
thiocyanate in a litre of water, and check 
with 4, argentic nitrate solution; dilute 
it-for use with nine volumes of water. 
2. Dissolve 5 grammes of argentic nitrate 
in 100 cc. of distilled water, and add 
ammonia until the solution becomes clear. 
3. Dilute 70 per cent. nitric acid with two 
volumes of distilled water, boil, to destroy 
vgs apa Pe Matters often seen in the lower oxides of nitrogen, and preserve 


” me. A, silk; B, cotton; c, wool; : : 
D, linen ; ®, feather; F, mycelium; G, cork. from the action of light. 4. A saturated 
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solution of ferric alum. 5. Strong solution of ammonia. ‘The following is a 
description of the process :—Place 25 c.c. of urine in a beaker with 1 gramme 
of sodium bicarbonate. Add 2 or 3 c.c. of strong ammonia, and then r or 
2 c.c. (or an excess) of the ammoniated silver solution. A special procedure 
is necessary in order to collect the precipitate, as follows :—Fill a glass 
funnel to about one-third with broken glass, and cover this with a bed of good 
asbestos to about a quarter of an inch deep. This is best done by shaking 
the latter in a flask with water until the fibres are thoroughly separated, 
and then pouring the emulsion so prepared in separate portions on to the 
broken glass. On account of the nature of the precipitate and of the filter, 
it is necessary to use a Bunsen water pump in order to suck the liquid 
through. . Having thus collected the precipitate, wash it with distilled water 
until the filtrate ceases to become opalescent with a solution of NaCl. Now 
dissolve the precipitate by washing it through the filter into a beaker, with 
a few cubic centimetres of the special nitric acid. Estimate the silver by 
Volhard’s method thus :—Add to the liquid in the beaker a few drops of the 
ferric alum solution to act as an indicator, and from a burette carefully drop 
in yo Ammonium thiocyanate solution until a permanent red colour appears. 
The number of c.c. used, multiplied by 0°00168, gives the amount of uric acid 
in the 25 c.c. of urine. One milligramme may be added to this amount as an 
allowance for average loss, and the whole multiplied by 4 gives the percentage 
of uric acid inthe urine. The sodium bicarbonate is added in the early part of 
the process, to prevent decomposition of the argentic urate, which would other- 
wise occur. This method has, however, been lately stated to be unreliable. 


g. Test for phosphates, as follows :— 


(a) Add to one ounce of the urine a slight excess of ammonium 
hydrate, and boil. Cas(PO«), and MgNH,4PO, will both be 
precipitated, and the precipitate, if more than a distinct cloud,. 
should be filtered out, dissolved in HCl, and analysed by the 
ordinary process already given for phosphates. 


(4) After filtering out the earthy phosphates as above, alkaline phos- 
phates may be tested for by adding magnesia mixture to the 
filtrate, and getting the usual precipitate of MgNH,PQ, after 
standing some hours in a cold place. 


(c) Estimation of phosphates. This is done by the volumetric process. 
with uranic nitrate, already described at page 131. Normal 
urine contains 2 to 3 parts P,O; per thousand. 

10. Test for sulphates, as follows :— 


Acidulate a little of the urine with HCl, warm, and add excess of 
BaCl,. If the precipitate appear too copious, estimate as usual, 
using 50 c.c. urine (see page 132). Normal urine contains. 
1°5 to 3 parts SOs per thousand. 

. Test for chlorides, as follows :— 


Acidulate a little of the urine with HNQs, and add excess of argentic 
nitrate. If the precipitate thus produced looks very large, a 
weighed quantity of the urine should be taken, and the chlorides 
estimated by Volhard’s method (see page 118). Normal urine 
contains 5 to ro parts sodium chloride per thousand. 


12. Blood is best seen under the microscope ; but urine containing it has 
always a very characteristic smoky appearance. A test for blood is to add 
tincture of guaiacum and ethereal solution of hydrogen peroxide, which pro- 
duce a sapphire blue ; but such colour of itself should not be taken as positive 
proof without the blood discs beings also visible under the microscope. 
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DIVISION Ili. ANALYSIS OF URINARY CALCULI. 


The following table will show at a glance the compositions and methods of 


Name. 


proving the various calculi. 
1, Caleuli, fragments of which, heated to redness on platinum, 


entirely burn away. 


/ PHYSICAL CHARACTERS. 


| Urid acid, C;N,H,O,. 


SS 


Ammonium urate. 


' Cystine, C,H,,N.S,O,. 


Xanthin, C;H,N,O.. 


| Brownish-red ; smooth | 


or tuberculated ; 
concentric laminz 
(common). 


Clay-coloured ; usually 
smooth, and rarely 
with fine concentric 
laminz (uncommon). 

Brownish-yellow, 
semi-transparent and 
crystalline (very un- 
common). 


CHEMICAL CHARACTERS. 


Insoluble in water; soluble in KHO 
by heat, but evolves no NH, ; dis- 
solves with effervescence in HNO, | 
and the residue on evaporating the 
solution is red and gives the murexid 
test. 

Soluble in hot water; soluble in 
heated KHO, evolving NH, Be- 
haves with HNO, like uric acid. 


Insoluble in H,O, alcohol, and ether. 
Soluble in NH,HO, and depositing, 
when allowed to evaporate spon- 
taneously, hexagonal plates. When 
heated, gives off odour-ef CS,,. 


Pale polished brown | | Soluble in KHO ; soluble in HN O; 


surface (very un- 
common). 


without effervescence, and the solu- 
tion leaves on evaporation a deep 
yellow residue. 


2. Calculi, oe of which, heated to redness on platinum, 
do not burn away. 


NAME. 


| Calcium oxalate, 
mulberry calculus, 
CaC,0,. 


Tricalcium phosphate, | 


| bone-earth calculus, 
| Ca(PO,). 
Magnesium ammonium 
phosphate, triple 
phosphate calculus, 
MgNH,PO,. 
Mixed phosphates of 


Ca, Mg, and NH,, 
Susible calculus. — 


PuysicaAL CHARACTERS. 


rough; thick layers 
(common). 


| Pale brown, with regu- 
lar laminze (uncom- 
mon). 


White, brittle, crys- 
talline, with an un- 
even and not usually 
laminated __ surface 
(uncommon). 

White, and 
laminated. 


|— 
Deep brown, hard, and | 


CHEMICAL CHARACTERS. 


Insoluble in acetic acid, but soluble, 
without effervescence, in HCl; 
heated to redness, it is converted 
into CaCO,, which dissolves with 
effervescence in acetic acid, and the 
solution gives a white precipitate 
with (NH,),C,O,. Heated strongly 
before the blow-pipe, CaO remains, 


which, when moistened, is alkaline } 


to test-paper. 

Infusible before the blow-pipe, and 
residue, when moistened, is not al- 
kaline. Soluble in HCl, and the 
solution gives a gelatinous precipi- 
tate with excess of NH, 

Fusible with difficulty before the 
blow-pipe, evolving NH, and re- 
sidue not alkaline. Soluble in HCl, 
and solution gives white crystalline 
precipitate with NH,HO. 


rarely | Readily fusible before the blow-pipe. 


Soluble in acetic acid, and solution 
gives a white precipitate with 
(NH,).C,O,, and the filtrate from 
that precipitate gives a white pre- 
cipitate with excess of NH,HO. 


CHAPTER — 41: 


THE TAKING OF MELTING, SOLIDIFYING, AND BOIL- 
ING POINTS, POLARISATION ANALYSIS, SPECTRUM 
ANALYSIS, AND THE ANALYSIS OF GASES. 


DIVISION I. THE TAKING OF MELTING, SOLIDIFYING, AND 
BOILING POINTS. 


(1) Melting Points. Many methods have been from time to time 
proposed, but the following will be found to be sufficiently good for all 
ordinary purposes, and is, moreover, the method officially adopted in the 
Pharmacopceia. 

A piece of narrow glass tube is softened in the gas flame and drawn out, so 
as to give it a long thin end with a capillary bore. The fat or wax is melted, 
and a little of it is sucked up into this capillary tube and allowed to solidify 
therein. The tube is then tied to a delicate thermometer, so that its capillary 
end (having the semi-opaque column of solidified fat inside) just rests against 
the bulb of the thermometer. Both are now supported perpendicularly in a 
beaker of water, and heat is gently applied to the same. The rise of the 
thermometer and the appearance of the tube of fat being both observed, the 
height of the former, at the moment when the column of fat becomes trans- 
parent, is noted as the melting point required. It is always useful to repeat 
the process three times and to take the average as the true melting point. 


(2) Solidifying Points. It frequently happens, especially in solid fats, that 
this is a more constant factor than the melting point. We heat the substance 
to a temperature of about ten degrees above its melting point, and place it in 
a glass cylinder surrounded by cotton-wool. We then stir slowly with a 
delicate thermometer, and, as the liquid cools, the temperature regularly falls, 
until a moment arrives when, after a slight pause, the thermometer shows a 
sudden rise of a fraction of a degree. ‘This is then the solidifying point of 
the fat. 


(3) Boiling Points. Procure a test tube fitted with a cork through which 
is passed a delicate thermometer, and also a short tube bent twice at a right 
angle (thus +!) to allow of the escape of vapours. Introduce about 2 c.c. 


of the liquid, put in the cork and arrange the thermometer so that its bulb is 
just above the surface of the liquid, but not touching it. Now apply asuitable 
heat, when the mercury in the thermometer will rise until the liquid boils, 
and will then remain stationary until all has evaporated. The point to which 
the mercury thus rises is the boiling point of the liquid. With certain sub- 
‘stances (such as melted hydrous chloral) which do not boil without “ bumping,” 
it is necessary to introduce a few fragments of broken glass or recently ignited 
clay tobacco pipe. All boiling points are supposed to be taken under a 
normal barometric pressure (760 mm., or 29°9 inches), therefore we must 
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always read the pressure for the day, and either add to or deduct from the 
observed boiling point o°1° C. for every 2°7 mm. of barometric variation. 


DIVISION II. ANALYSIS BY CIRCULAR POLARISATION. 
THE SACCHAROMETER. 


Crystals which do not belong to the regular system (notably calc-spar) 
possess the power of double refraction. That is to say, when a ray of light 
falls upon them, it is divided into two rays, one of which follows the ordinary 
rule of refraction, while the other takes a totally different course ; and the two 
rays are called respectively the “ordinary” and the “ extraordinary” ray. 
‘The most convenient polarising medium is what is called a “ Nicol’s prism.” 
It is composed of a crystal of calc-spar cut into two portions in the direction 
of its axis, and the two parts thus obtained cemented together with Canada 
balsam. When a beam of light enters the prism, it is doubly refracted by the 
- first portion of the crystal, and the extraordinary ray only passes through the 
second portion to the eye of the observer; while the ordinary ray is com- 
pletely reflected away by the layer of Canada balsam, and so lost to view. 
When this extraordinary ray is examined, it is found to possess peculiar 
properties, such as showing colour in transparent bodies which are usually 
- colourless. This is accounted for by believing that it has become polarised 
—i.e., that all its vibrations have been reduced to the same plane. If the 
polarised light thus obtained be examined by means of another Nicol’s prism, 
it will be found that, when the two prisms are placed with the principal 
sections parallel to each other, the ray will pass freely ; but if the second 
prism, called the analyser, be then turned round, so that its chief section is 
at right angles to that of the first, the polarised ray will in turn be entirely 
reflected from the layer of balsam, and no light will now reach the observer’s 
eye. ‘This holds good so long as nothing intervenes between the two prisms ; 
but it has been found that certain bodies, such as quartz, possess the power, 
when interposed between the prisms, of giving a colour instead of darkness, 
owing to their possessing the power of twisting the polarised ray from its 
original plane. Such substances are said to possess the power of cireular 
polarisation, either in a “ right-handed” or “left-handed” direction, accord- 
ing as it is necessary to turn the prism either to the right or left from its 
proper position, to once more produce complete passage of the colourless 
polarised ray. The direction of the rotation is indicated by the use of arrows, 
thus: ¢*o. Cane sugar, grape sugar, dextrin, maltose, creasote, camphor, 
‘turpentine (American), cinchonine, castor oil, croton oil, and lemon oil, rotate 
the plane of the polarised ray to the right ; while fruit or (invert) sugar, quinine, 
cinchonidine, turpentine (/vench), and many essential oils, morphine, etc., 
have a left-handed rotation. 

There are two varieties of quartz, known as right-handed and left-handed, 
one of which rotates the plane of polarisation to the right, and the other to 
the left. If a plate of quartz 1 millimetre thick be placed between the two 
“ Nicol’s,” the ray of polarised light is rotated, and, instead of being colourless, 
is coloured, changing to all the colours of the spectrum as the analyser is 
turned, until it once more becomes colourless, and the amount that the 
analyser has to be turned (registered by a pointer on the degrees of the 
circle) is the index of rotary polarisation possessed by the quartz either in a 
right or left-handed direction. If the turning of the analyser be now con- 
tinued, colour will again show itself, but this time it will be the colour 
complementary to that at first produced. Thus, if we start with a plate of 
quartz showing red between the uncrossed prisms, and rotate, we shall find 
that, when we have turned through an angle of 45°, we get no colour, but 
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after that we begin to get the complementary colour green, which becomes 
most intense at the right angle of 90°, when the prisms are crossed. ‘The 
polariscope as used for analysis is therefore essentially (a) a Nicol’s prism 
acting as a polariser, (4) a plate of quartz usually divided down the centre, 
the one side being right-handed and the other left, (c) a tube to contain the 
solution, '(¢@) another “ Nicol” capable of being rotated, and having a pointer 
acting on degrees of the circle on a scale, (e) a telescope to focus the line 
between the two sides of the quartz. When the pointer is placed at zero, 
the tube filled with water, and the line focussed, no colour is seen on either 
side of it; but if a solution, say of sugar, be introduced, colour appears on 
one side of the line according to the nature of the sugar, and then the 
distance through which the pointer has to be moved round the graduated 
circle to get both sides of the quartz colourless is the degree of rotary 
polarisation. In practice, monochromatic light from a sodium flame is. 
employed, which causes a dark shadow, instead of a colour, to appear when 
the instrument is used, so enabling colour-blind persons to employ it without 
difficulty. Another reason for the employment of a definite monochromatic 
light lies in the fact that the rotating power of bodies alters according to the 
ray of the spectrum used, being least for the red rays, and increasing till it 
reaches its highest point ,at the violet end of the spectrum. Optical deter- 
minations are made in a dark room, and the instrument is illuminated by a 
bead of fused sodium chloride held by a platinum support in a ‘ Bunsen” 
flame. Light thus obtained corresponds to that emitted at the D line of the 
solar spectrum. 

Since the deviation of the plane of polarisation either to the right or to 
the left of the zero point is directly proportional to the length of the column 
of liquid, it is important that the observations should be made with tubes of 
a definite length, such as 100, 50,or 25 mm. The selection of the length 
of the tube to be employed is, however, usually dependent upon the depth. 
of colour of the liquid and the extent of its optical rotation. The rotatory 
power of an optically active, liquid substance, observed with sodium light,. 
and referred to the ideal density 1, and in a tube having a length of 1 deci- 
metre (1co mm.), is designated as its specific rotatory power. This is usually 
expressed by the term [a]p. Since, however, not only the density of an 
optically active liquid, but also its rotation, is influenced by the temperature, 
the specific rotation varies with the latter. In stating the specific rotation, 
it is therefore necessary to indicate at what temperature the rotation and the 
density of the liquid have been determined. But for the same temperature 
the specific rotation of a pure, optically active liquid is always a constant 
number. To use the instrument we make a solution of the body to be 
examined of a definite percentage strength by dissolving a certain number 
of grammes in 100 c.c. of a solvent. We then fill the tube, observe the 
degree of rotation produced, and from that we calculate the absolute angle 
of rotation for the sodium light (always expressed as [a]p) by the following, 
formula and factors :— 


I. For liquid substances [alp = an < 
: F f solid se IO0000 X a 
II. For solutions of solids | [a]p Lepa 
or ) [aly = rox 2 
aes SE 


a = the angle of rotation of the liquid or solid observed with sodium light. 
L = the length of the tube in millimetres. 

d = the density or specific gravity of the active liquid. 

p = the amount of active substance in 100 parts by weight of the solution. 
c = the number of grammes of active substance in 100 c.c. of the solution. 
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If the absolute angle thus found coincides with that obtained from the same substance in a 
state of purity, then the article under ¢xamination is pure; but if not, then a simple percentage 
calculation gives the impurity. 

Thus the [@]p of pure cane sugar = 66°5. A sample examined as above gave an [a]p = 65'5- 
_ 65°5 X 100 


Then: 66° = per cent. of real sugar present in the sample. 


DIVISION III. SPECTRUM ANALYSIS. 


When a ray of sunlight is allowed to pass through a prism, it is deflected 
and dispersed into a number of rays differing in their degree of refrangibility. 
When these rays, as they pass from the prism, are caused to fall upon a white 
surface, they are observed to have a marked difference in colour. The image 
so produced is called a spectrum; and when sunlight is thus treated it is 
found to give a spectrum consisting of the following colours—viz., violet, indigo, 
blue, green, yellow, orange, and red. The violet end of the spectrum, owing 
to its greater refrangibility, is always the nearer to the base or broad end of 
the prism. By this means of separating the rays of light we are able to ascertain 
the peculiar properties of each of the colours which go to compose it, and 
we find that the chemical activity of light resides chiefly in the most highly 
refrangible rays just outside the violet end of the visible spectrum, which 
are called the actinic rays; while, on the other hand, the heat transmitted 
by the sun is most felt at the opposite or red end of the spectrum. 

Further research has demonstrated that, if we substituted the light emitted 
from various bodies in a state of incandescence to the action of a prism, the 
image or spectrum produced varied in each case, and was, moreover, almost 
characteristic of the particular bodies employed. ‘This discovery led to the 
invention of the spectroscope, which, in its simplest form, consists of a 
metallic diaphragm with a narrow slit, through which a ray of light from the 
burning body is allowed to pass and is condensed by a lens upon a prism 
of glass, or, better still, a triangular bottle of thin glass filled with disulphide 
of carbon. At the opposite side of the prism is a short telescope, so arranged 
that an observer, looking through it, sees the spectrum or image produced 
by the light after passing through the prism. ‘This telescope works upon a 
graduated scale, by which its position for viewing any particular line observed 
can be noted. 

When ordinary solar light is examined through the spectroscope, a number 
of dark lines are found crossing the image at certain fixed points. They are 
called “ Fraunhofer’s lines,” and their position is characteristic of ‘sunlight. 
It has been proved that such lines are only formed when the source of light 
contains volatile substances, as we find that the light emitted by a non-yolatile 
heated body gives a continuous image, devoid of lines. If, for example, a 
platinum wire be heated to a high temperature in a Bunsen burner, and the 
light thus produced be examined, no lines will be visible ; but if the wire be 
now tipped with a fragment of sodium chloride, and once more ignited, a 
bright line will suddenly appear in the yellow of the spectrum, and in so 
dazzling a manner as to render the whole of the rest of the image almost 
invisible. In carrying out this system of analysis, therefore, it is only necessary 
to procure a perfectly clean piece of platinum wire, with one end bent into 
the form of a loop, and place a Bunsen gas burner in such a position that the 
rays from anything heated in it will pass into the spectroscope. The wire is. 
then to be moistened with a little hydrochloric acid, and, having been dipped 
in the substance to be examined, is to be held in the hottest portion of the 
Bunsen flame, and its spectrum simultaneously observed through the spectro- 
scope, noting carefully the colour, number, and position on the scale, of the 
bright lines produced. When thus examined we find that potassium exhibits 
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one bright line in the red, and one in the blue; lithium, one bright line in 
the yellow, and one more brilliant in the red; strontium, one blue, one 
orange, and six red lines ; barium, a number of lines chiefly green and yellow ; 
calcium, three distinct bright yellow lines, one within green, and some broad 
but indistinct ones in the orange and red; and lastly, sodium, the single 
bright yellow line already mentioned. 

The student must commence with the examination of pure salts, carefully 
noting for reference the position of the index of the telescope on the scale 
where each characteristic line is found. When it is desired to examine any 
mixture, the telescope index is brought to the required position and the 
substance is examined: if the proper line is seen, then the element searched 
for is present; if not, it is absent. If we examine ordinary light which has 
been made to pass through solutions of various coloured bodies, we obtain 
dark bands analogous to the lines of Fraunhofer. ‘These are called absorption 
spectra, and are very useful in the detection of soluble colouring-matters. A 
solution of blood, for example, shows characteristic bands in the green of the 
spectrum. All this is a matter of special study, and to go farther into it would 
be beyond the scope of this volume. 


DIVISION IV. THE ANALYSIS OF GASES. 


This operation is conducted by measuring a volume of the mixed gas under 
definite conditions of temperature and pressure, then 
exposing it to the action of some substance having the 
power of absorbing some one constituent of the mixture, 
and again measuring the gas left. By seeing that the 
inside of the measuring tube is always kept moist the 
question of tension of aqueous vapour is equalised all 
through the experiment, and as many absorbents as 
may be necessary are employed in turn. Many of the 
gas-measuring appliances are large, costly, and require 
to be kept in special rooms devoted to the purpose. 
Hempel has, however, devised a gas-measuring appa- 
ratus which is reasonable in price, and yet is capable 
of measuring gas volumes with very fair accuracy. It 
consists essentially of a vessel for measuring volumes 
of gas—known as a Gas Burette—and a number of other 
vessels—called Gas Pipettes—in which the necessary 
absorptions are carried out. 

The Gas Burette (fig. 51) is an arrangement similar 
to the Nitrometer already fully described at page 133, 
and is composed of two tubes, A and B. The tube B is 
graduated in cubic centimetres, and has a capacity of 
100 cc. It is closed at ¢ by a piece of india-rubber 


flexible tube with a. To measure off a volume of gas 
insoluble in water, the two tubes are completely filled with 
water, ¢ is closed and a is partially emptied. Con- 
nection is now made at ¢ with the vessel containing 
the gas, c is opened, the gas flows into B and an equal 
volume of water runs into A (which is placed on a 
lower level if necessary), and after adjusting the level of the water in the 
two tubes the volume is read off. 

Of the Gas Pipettes there are three forms. Fig. 52 is a single pipette, 


Fig. 51. 


tube and a pinch-cock, and at @ is connected by a long 
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and has two bulbs, & and Fr, connected by a tube, 4 The bulb & terminates 
in a capillary tube 4, by which connection is made with the gas burette. 
In using the pipette £ is completely filled with the reagent intended to act 
on the gas. The gas burette is closely connected with & by means of a small 
black rubber tube, and by raising a and opening c the gas is forced into kg, 
part of the reagent into r. After the absorption—which may be quickened 


Fig. 52. Fig. 3. 


by shaking—is completed, the gas is again allowed to flow back into B,’c is 
closed, the water levels are adjusted, and the volume is read off as before. 
Fig. 53 is a modification with an opening at f closed by a cork. It is 
adapted for use with solid reagents, ¢.g., moist phosphorus for the absorption 
of oxygen. 
Fig. 54 is a compound absorption pipette, and is for use with solutions 
which require to be preserved from the action of the oxygen of the air, 


Fig. 54. 


such as alkaline solution of potassium pyrogallate for absorbing oxygen, or 
ammoniacal cuprous chloride for absorbing CO. The bulb £ isifilled with 
the solution, the bulb c with distilled water. By means of the water in c the 
solution is exposed to the action of only a small quantity of air in Fr, which is. 
quickly deprived of its oxygen, and thus the absorbing power of the solution 
remains unimpaired. 

To perform an analysis 100 c.c. of gas are measured off in the burette, this. 
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volume being chosen so that the result of each absorption may represent, 
without calculation, the percentage of volume of the absorbed gas contained 
in the mixture. As many pipettes are prepared and furnished with the 
necessary reagents as there are constituents in the gas. The gas is then 
passed into each of these, allowed to remain a sufficient time for the absorption 
to take place, again collected in the burette, and the change of volume noted. 

The chief absorbents employed in gas analysis are as follows, it being 
understood that it is necessary to employ them in such an order as shall be 
suitable to the particular mixture of gases under analysis :— 


A. Strong solution of potassium hydrate absorbs CO,. 
B. 1 vol. of 25 per cent. solution of pyrogallic acid + 6 vols. 60 per 


cent. solution of KHO absorbs Oz (after removal of any gas 
absorbed by K HO alone). 


C. Moist phosphorus absorbs oxygen, but not CO,. 
XD. Concentrated solution of cuprous chloride in dilute hydrochloric 


acid absorbs CO (after removal of CO and Oy, with alkaline 
pyrogallate). 


£. Ammoniacal solution of cuprous chloride absorbs C,He, after 


removal of CO, CO,, and O. 


F: Palladium black absorbs hydrogen, but not CH,. The palladium 


G. 


A 


black is contained in a [J tube, one limb of which is 
connected to the burette, the other to a simple absorption 
pipette filled with water. The gas is passed backwards 
and forwards over the palladium several times, and complete 
absorption takes place. 

solution of sulphuric anhydride in strong sulphuric acid, or 
solution of bromine, absorbs C2H4, and the other gaseous 
hydrocarbons of the series C,H. and of C,He,.». 


#. The addition of an excess of pure oxygen, and absorption with 


alkaline pyrogallate, will remove NO, together with the excess of 
oxygen used. NO is also readily absorbed by solution of 
FeSQ,. 


J, Marsh gas and nitrogen are left to be estimated by difference. 


They may be separated by adding more than double the volume 
of pure oxygen, measuring the total volume, and passing the 
mixture into an explosion pipette (fig. 55), where it is ignited by an 
electric spark between two platinum terminals fused into the 
upper part of E. The marsh gas then forms CO, and H,O, and 
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the resulting gas having been treated in the KHO pipette to 
remove the CO,, and then remeasured, 3 of the total loss in 
volume represents the CH, present. Tasty, the excess of O, 
having been removed by alkaline pyrogallate, the remainder 
is No. 

J. If the mixture should contain HCl, HBr, HI, SO,, H,S, and NHs, 


Fig. 56. 


all of which are soluble in water, they are previously dissolved 
out thereby i in a special apparatus (fig. 56), and the solution so 
obtained is treated by methods of gtavimetric and ordinary 
volumetric analysis. 
Full details of the analysis of gases, beyond the scope of the present work, 
will be found in Sutton’ s “ Volumetric Analysis.” 


A. 


Absorbents in gas analysis, 222. 

Absorption, pipettes, 221. 
Spectra, 220. 

Acetanilide, 84 and 88. 

Acetates, 47. 

Acetic acid, 47. 

Acetic ether, 87. 

Acidimetry, 114. 

Acid radicals, detection of, 29, 


75: 
Gravimetric estimation of, 


ISI. 
Adeps lanze, 90 
Air bath, 140. 
Air, sanitary analysis of, 174. 
Albumin, 210. 
Albuminoid ammonia, 171. 
Alcohol,estimation of, in spirits, 
etc., 178. 
Tabie of percentages of, 197. 
Tests for— 
Amy], 87. 
Ethyl, 88. 
Methyl, 88. 
Alkalies, organic salts of, esti- 
mation of, 112. 
Alkalimetry, tog. 
Alkaline course, 59. 
Carbonates, estimation of, 
112. 
Hydroxides, estimation of, 


III. 
Alkaloidal strength of scale pre- 
parations, 190. 
Alkaloids— 
Cinchona, separation of, 86. 
Detection of, 84 to 87. 
Estimation of, 187, 
Table of reactions of, facing 


p. 87. 
Tests for, 84. 
Aloin, 90. 
Aluminium, 20. 
Gravimetric estimation of, 
148. 
Ammonia, 135. 
Albuminoid, 171. 
Free, 170. 
Ammonium, 27. 
Gravimetric estimation of, 


Ist. 
Amy] alcohol, 87. 
Amy! nitrite, 87. 
ysis— 
Air, sanitary analysis of, 174. 
Bread, 180. 
Butter, 178. 
By direct oxidation, 123. 
By immiscible solvents, 187. 
Coffee, 182. 


INDEX. 


— +> — 


| Analysis (contd.)— 
Colorimetric, 136. 
Coloured sweets, 182. 
Drugs, 185. 
Essential oils, r9t. 
Flour, 180, 
Food, 175. 
Gases, Hempel’sapparatus, 
220. 
Gravimetric, 142. 
Milk, 175. 
Mineral, of water, 157. 
Mustard, 18r. 
Nitrometer, by the, 133. 
Oils and fats, £94. 
Organic, ultimate, 160. 
Pepper, 181. 
Polariscopic, 217. 
Qualitative, 1 to 93. 
Quantitative, 94 to end. 
Scale preparations, 91. 
Soap, 201. 
Spectrum, 219. 
Starch, 182. 
Urine, 210. 
Urinary calculi, 215. 
Vinegar, 184. 
Volumetric, 104. 
Water, 167. 
Waxes, 199. 
Analytical factors, use of, 142. 
' Anion, 7. 
Anode, 6. 
Antifebrin, tests for, 88. 
Antimonic acid, 46. 
Antimony, 1 
Estimation of, 146. 
Antipyrin, tests for, go. 
Apomorphine, 85. 
Apparatus, 106, 160. 
Argentic nitrate, standard solu- 
tion of, 115. 
Arseniates, 45. 
Estimation of, 155. 
Arsenic, 15. 
Estimation of, 146. 
Arsenic acid, 45. 
Arsenious acid, 44. 
Estimation of, 119. 
Arsenites, 44. 
Ash of— — 
Filters, 139. 
Organic bodies, 141. 
Assay, a! sikaleddal, of— 
Cinchona bark, 189. 
Nux vomica crank 188, 
Opium, 190. 
Extract, rgr. 
Tincture, 192. 
Scale preparations, 190. 
Atropine, 85. 
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an 


ee 


Balance, 94. 
Barium, 24. 

Chloride, standard solution 

of, 132. 

Estimation of, 149. 
Barks, cinchona, assay of, 189. 
Beer, alcoholic strength of, 178. 
Bees’ wax, analysis of, 199. 


-Benzoates, 51. 


Benzoic acid, 51. 
Benzin (petroleum), 87. 
Benzol, 87. 
Bichromate of potassium, stam- 
dard solution of, 128. 
Bile (urine), 213. 
Ox, 91. 
Bismuth, 14. 
Estimation of, 145. 
Blood (urine), 214. 


| Budeker's method, err. 


Boettger's test, 212. 
wit ee 5 
aking the, 216. 
Netbrre 37. 
Borax beads, 60. 
Boric acid, 37. 
Estimation of, 156. 
Boyle's law, 100. 
Bread, analysis of, 180. 
Bromates, 31. 
Bromides, 30. 
Estimation of, 116, 151, 154- 
Estimation of, in presence 
of chlorides, 116. 
Separation of, 53. 
Bromine, 3e. 
Estimation of, rer. 
Standard solution of, 122. 
Brucine, 85. 
Bunsen burner, 9. 
Bunsen’s battery, 6. 
Butter, analysis of, 178. 


oF 


Cadmium, r5. 
Estimation of, 144. 
Caffeine, 85. 
Calcium, 25. 
Estimation of, 149. 
Calculi, urinary, analysis of, 
215. 
Cane sugar, 90. 
Carbolates, sr. 
Carbolic acid, 51, 57. 
Estimation of, in soap, 202- 
Carbon, 36. 
Dioxide in air, 175. 
Estimation of, 161. 


—— ee 


q 


Carbonates, 36. 


Estimation of  (gravi- 
metric), 155. 
Estimation of (volu- 


metric), 112. 
Estimation of soluble, 134. 
Carbonic acid, 36. 
Cerium, 20. 
Charcoal, use of, 8. 
Charles's law, 100. 
Chemical processes, r. 
Chloral hydrate, 115, 204. 
Tests for, go. 
Chlorates, 30. 
Chlorides, 29, 53. 
Gravimetric estimation of, 


151. 
Volumetric estimation of, 
116. 
Volumetric. estimation of, 
with bromides, 116, _ 
With bromides, detection 


of, 53. 
With iodides, detection of, 


53- 
Chlorine, 29. 
Available, estimation of, 
T2t. 
Estimation of, in solution, 
121. 

In organic analysis, 166. 
Chloroform, tests for, 87. 
Chromates, 45. 

Chromic acid, 45. 
hromium, 21. 

Estimation of, 148. 
Chrysarobin, tests for, go. 
Cinchona, assay, 189. 
Cinchonidine, 86. 

Cinchonine, 86. 
Citrates, 50. 

Citric acid, 50. 
Clark's process, 172. 
Cobalt, 23. 

Estimation of, 147. 
Cocaine, 85. 

Codeine, 85. : 
Coefficients for analysis, 137. 
Coffee, analysis, 182. 
Colloids, 6. 

Colorimetric analysis, 136. 
Copper, 14. 

stimation of, 144. 

Fehling’s standard solution 


of, 129. 
Cotton oil, test for, in lard, 196. 
Creasote, 88. 
Crucible, Rose’s, 5. 
—— rocess, 168, 
rystallisation, 5. 

Cupellation, 4. 
Cyanates, 41. 
Cyanic acid, 4r. 
Cyanides, 4o. 

Estimation of, gravimetric, 


I5i. : 
Volumetric, 116. 
Cyanogen, 40. 
Cyanuric acid, 41. 
D. 


Decantation, 3. 
Density, vapour, rox. 


INDEX. 


Detection of— 

Alkaloids, 84. 

Bromine, hydrobromic acid 
and bromides, 30, 

Bromides in presence of 
iodides, 53. 

Carbolic acid in presence of 
salicylic acid, 57. 

Chlorides in presence of 
bromides, 53. 

Chlorides in presence of 
iodides, 53. 
Chlorine, hydrochloricacid, 

and chlorides, 29. 
Cyanides in presence of 
ferro- and ferri-cyanides, 


Formate in presence of 
fixed organic acids, 56. 
Inorganic acids, 78. 
Iodate in an iodide, 54. 
Metals, ro. 
In any simple salt, 61. 
In complex mixtures, 65. 


Nitrate in presence of 
iodide, 55 

Nitric acid (free) in presence 
of nitrate, 55 

Nitrite in presence of a 
nitrate, 55. 


Organic acids, 80. 

Organic bodies used in 
medicine, 87. 

Phosphate in presence of 
calcium, barium, stron- 
tium, manganese, mag- 
nesium, or iron, 56. 

Soluble sulphide in _pre- 
sence of sulphite and 
sulphate, 54. 

Sugar, 75. 

Dialysis, 5. 
Digestive ferments, analysis of, 


203. 
Distillation, 4. 
Dragendorff’s tables, 86. 
Drugs, analysis, 185. 
Resinous (strength of), 193. 
Dumas’ process, 165. 


E. 


Ebullition, 5 
Elaterin, tests for, 98. 
Electrolysis, 6. 
Electrolyte, 7. 
Essential oils, ror. 
Ether, acetic, 87. 

Nitrous (estimation), 133. 
Ethyl alcohol, test for, 88, 
Ethylsulphates, 47. 

Estimation of— 

Acids, 114. 

Albumin, 210. 

Alcoholic bodies in essen- 

tial oils, 208. 
Aldehyds in essential oils, 


207. 

Alkaline carbonates, r12. 
1 hydroxides, rrr, 

Alkaloids, 84. 

Allyl-isothiocyanate, 210, 

Aluminium, 148. 

ng as (Nesslerising), 
136. 
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Estimation of (contd.)— 


Ammonium, rsr. 
Antimony, 120, 146. 
Arseniates, 155. 
Arsenic, 146. 
Arsenious acid, 119. 
Ash of filters, 139. 

,», Of organic bodies, 141. 
Barium, 149. 
Bismuth, 145. 
Boric acid in borates, 156. 
Bromides, 116, 154. 
Bromine, 12r. 
Cadmium, 144. 
Calcium, 149. 


‘Carbon and hydrogen, 161. 


Carbonates, 155 
Carbon dioxide in air, 174. 
Chloral, 204. 
Chlorides, 116, 151. 
Fh in the presence of 
bromides, 116. 
Chlorine, available, rar. 
¥ free, 121. 
pe in organic bodies, 
166, 
a in water analysis, 
168, 
Chromium, 148. 
Cobalt, 147. 
Copper, 144. 
- and iron, minute 
traces of, 136. 
Esters in essential oils, 206. 
Extracts,alkaloidalstrength 
of, 188 e¢ seq. 
Fatty acids in soap, 201. 


Gold, 145. 
Gravimetric (of metals), 


138. 
Haloid salts, 116. 
Hydrocyanic acid, 116. 
Hydrogen peroxide, 127, 


135. 
Bi ypophicuphités, 128, 
Iodides, 116, 151. 

»» in presence of 
bromide and 
chloride, 116. 
Todine, free, 121. 
Iron, 127, 128, 148. 
Ketones, in essential oils, 

207. 

Lead, 113, 143. 
Magnesium, 149. 
Manganese, 149. 
Mercury, 143. 
Metals as oxalates, 127. 
Mineral oil in fats, 197. 
Moisture, 141. 
Morphine in opium, 1go. 
Nickel, 147. 
Nitric acid in nitrates, 134. 
Nitrites, 152. 

» in water analysis, 


; 137. 
Nitrogen, 164. 
», in water analysis, 
168. 
Nitrous ether, 133. 
Oleic acid, 198. 


15 
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Estimation of (contd.)— 
Organic matter in air, 174. 
a salts of alkalies, 
II2. 
Oxalic acid and oxalates, 
II4, 127, 156. 
Peroxides, 127. 
Pepsin, 203. 
Phenol, 123. 
— in essential oils, 


Pio, 153. 
In artificial manures, 154. 
Phosphoric acid, 115, 131, 


153. ‘ 
Phosphorus in 
bodies, 166, 
Platinum, 145. 
Potassium, 150. 

os and sodium, 151. 
Resin in soap, 203. 
Resinous drugs, 193. 
Rosin oil in fats, 199. 
Scale preparations, 190. 
Silicic acid, 157. 
Silver, 142. 
Sodium, 150. 

= nitrite, 137. 

Soluble carbonates, 112,134. 

», haloid salts, 116. 
Sugar, 131. 

»» in soap, 202. 

», inurine, 212, 
Starch, 131, 182. 
Sulphates, 131, 152. 
Sulphides, 152. 

Sulphites, 119. 
Sulphur in organic bodies, 

166, 


organic 


Sulphurous acid, 119. 
Tartaric acid, 114, .156. 
Thiosulphates, 120, 
Tin, 145. 
Urea in urine, 135. 
Zine, 148. 
Evaporation, 5. 
Examination, preliminary, 58. 
Extraction, 2 
Extracts, estimation of, alka- 
loidal strength of, 188. 


F. 


Factors, analytical (use of), 142. 
Fats, analysis of, 194. 
Fatty acids, estimation of, 198. 
Fehling's solution, 129. 

Test in urine, 212, 
Fel Bovinum, 91. 

Ferments, digestive, 203. 
Ferric and ferrous salts (estima- 
tion), 121, 127, 128. 

Ferricyanides, 42. 
Ferro- from eaeneion, 
separation, 56. 
Ferrocyanides, 41. 
Filters, preparation of, 138. 
Ash, estimation of weight 
of, 139. 
Filtration, 3. 
Flame oxidising, 7. 
Reducing, 7. 
Tests, 60. 
Flour, 170. 
Fluorides, 29. 


INDEX. 


Food analysis, 175. 

Formic acid and formates, 46. 
Fraunhofer’s lines, 217. 
Fulminic acid, 41. 

Fusion, 4. 


G. 


Gallic acid, 52. 
Gas burette, 220. 
Gaseous impurities (testing for, 
in air), 174. 
Gases, sp. gr., 100. 
Analysis of, 220. 
Correction of volume of, for 
temperature and pres- 
sure, 00. 
Gelatine, tests for, gt. 
Glucose, 89. 
Glusidum, tests for, 89. 
Glycerine, 88, 202, 204. 
Gmelin’s test, 213. 
Gold, 17. 
Estimation of, 145. 
Grape sugar, 9o. 
Gravill’s test, 134. 
Gravimetric estimations, 138. 
Acid radicals, 151. 
Metals, 142. 
Gravity, specific, of— 
Essential oils, 205. 


Oils and fats, 194. 

Solids, 98. 

Waxes, 199. 
Group reagents, 10, 


ti 
Haloid salts, estimation of, 116, 


152. 
Hardness, Clark’s process, 172. 
Hempel’s apparatus, 220. 
Homatropine, 85. 
Hubl's method, 195. 
Hydrastinine, 85. 
Hydriodic acid, 3. 
Hydrobromic acid, 30. 
Hydrochloric acid, 20. 
Standard solution of, rr0, 
Hydrocyanic acid, 40, 116. 
Hydrofluoric acid, 29. 
Hydrofluosilicic acid, 38. 
Hydrogen, estimation of, in 
organic analysis, 161. 
Peroxide, estimation of, 
127, 135. 
Hydrosulphuric acid, 33. 
Hydroxides, 32. 
Alkaline, “estimation of, 11. 
Hyoscine, 85. 
Hyoscyamine, 85. 
Hypobromites, 31. 
Hypochlorites, 30. 
Hypophosphites, 42. 
Hyposulphites, 34. 


i, 


Igniting precipitates, 140. 
Indicators, 105. 

Inorganic acid course, 78. 
Iodates, 32. 

Iodate with iodide, detection of, 


54 


Iodides, 31, 35. 
Estimation of, 116, 151. 
Estimation of, in presence 
of a chloride and a bro- 
mide, 152. 
Iodine, 31. 
Estimation of, ret. 
Standard solution of, 119. 
Iodoform, tests for, gt. 
Iron, 18. 
Gravimetric estimation of, 
148. 
Volumetric estimation of, 
by bichromate, 128, 
Volumetric estimation of, 
by permanganate, 127. 


Jalapin, tests for, 9r. 


K. 
Kathion, 7. 
Kathode, 6 
Kipp's apparatus, 9. 
Kjeldahl’s process, 166. 
Keettstorfer's process, 195. 


L 

Lactates, 48. 
Lactic acid, 48. 
Lactose, 90. 
Lard testing, 196. 
Laws— 

Boyle's, roo. 

Charles's, 100. 
Lead, 12, 


Estimation of, 113, 143. 
Liebig’s condenser, 4. 
Lithium, 26. 

Lixiviation, 2. 


M. 


Magnesium, 26. 
Estimation of, 149. 
Malates, 49, 57. 
Malic acid, 49. 
Manganates, 45. 
Manganese, 21. 
Estimation of, 147. 
Manna, 204. 
Manures, estimation of phos- 
phates in, 154. 
Mayer’s standard solution, 132. 
Measuring and weighing, 94. 
Meconates, 51. 
Meconic acid, 51. 
Melting points, 216, 
Mercuricum, 13. 
Mercurosum, 12. 
Mercury, estimation of, 143. 
Metals, detection of, ro. 
Gravimetric estimation of, 
142. 
In complex mixtures, 65. 
Present in a simple salt, 61, 
Separation of, into groups, 
Io, 64, Pisa ; Hamilton's 
table, 7 
Tables Mp detection of, 62. 
Metaphosphoric acid and salts, 


43- 

Method, Meyer's, ro2. 
Pavy’s, 130. 
Varrentrapp, 164. 
Volhard's, 118. 


INDEX. 
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Methy] alcohol, 88. 
Methylated spirit, in tinctures, 
193: 
Milk— 
Analysis of, 175. 

Sour, analysis of, 177. 
Sugar, detection of, go. 
Mineral contents of water, 

analysis of, 157. 
Moisture, estimation of, 141. 

Moore’s test, 212. 
Morphine, 85. 
Murexid test, 210. 
Mustard analysis, 181. 


N. 


Naphtol, 89. 
Nesslerising, 136. 
Nickel, 23. 
Estimation of, 147. 
Nicol’s prism, 217. 
Nitrates, 39, 55- 
Estimation of, by nitro- 
meter, 134. 
Estimation of, gravimetric, 
152. 
Nitric acid, 39. 
Estimation of, 114. 
Nitrite with nitrate, detection 
of, 55. 
Nitrites, 38. 
Estimation of, 
analysis, 169. 
Nitrobenzene, 88. 
Nitrogen, estimation of, 164. 
Estimation of, in water 
analysis, 168. 
Nitrometer, use of, 133. 
Analysis by, 133- 
Nitrous acid, 38. 
Nitrous ether, estimation of,133. 


O. 


Oils, analysis of, 194. 

Mineral oils in, 197. 

Qualitative tests for, 196. 

Rosin oil in, 199. 

Specific heating power of, 
196. 

Oleates, 48. 

Oleic acid, 48, 198. 

Olive oil testing, 196. 

Oliver's test, 213. 

Opium, assay, 190. 

Organic acid course, 80. 
Analysis, ultimate, 160. 
Matter in air, 175. 

Matter in water, 171. 

Organicbodies used in medicine, 

detection of, 87. 

Orthophosphates, 43. 

Orthophosphoric acid, 43. 

Oxalates, 48. 

Estimation of metals as, 


in water 


118, 
Oxalic acid, 48. 
Gravimetric estimation of, 


156. 
Standard solution of, 109. 
Ox bile, 91. 
Oxidation, 7. 
Oxides, 33. 
Oxygen consumed in water 
analysis, 171. 


PR. 


Paraldehyd, tests for, 88. 
Pavy’s method, 130. 
Pepper analysis, 181. 
Pepsin, 203. 
Perchlorates, 30. 
Periodates, 32. 
ermanganate of potassium, 
standard solution of, 125. 
Permanganates, 45. 
Pettenkofer's test, 213. 
Phenacetin, tests for, 89, 
Phenazone, tests for, go. 
Phenol and _ phenates, 51, 
125. 
Phosphates— 
Detection of, 43, 56, 215. 
Estimation of, as magne- 
sium pyrophosphate and 
phosphomolybdate, 153, 
154. 
Estimation of soluble, in a 
manure, 155. 
Estimation of total, in a 
manure or soil, 154. 
Volumetric estimation of, 


131. 
Phosphites, 43. 
Phosphoric acid, 43. 
Gravimetric estimation of, 
free, 153. 
Volumetric estimation of, 


II5. 
Phosphorous acid, 43. 
Phosphorus, estimation of, in 

organic analysis, 166. 
Physical constants of essential 

oils, 205. 

Physostigmine, 85. 
Picrotoxin, tests for, ‘89. 
Pilocarpine, 85. 
Platinum, 18. 

Estimation of, 145. 
Podophyllin, tests for, gr. 
Poisons in mixtures, testing 

for, 92. 

Polarisation, analysis by, 217. 
Potassium, 27. 

Bichromate, standard so- 

lution of, 128. 

Estimation of, 150. 

Estimation of, with sodium, 


ISI. 

Hydroxide, standard solu- 
tion of, 114. 

Permanganate, standard 


solution of, 125. 
Thiocyanate, standard so- 
lution of, 118. 
Precipitates, drying, etc., r40. 
Precipitation, 2. 
iminary examination, 58. 
Process— 
Clark's, 172. 
Crum’s, 168. 
Dumas’, 103, 165. 
Kjeldahl’s, 166. 
Liebig'’s, 161. 
Reichert’s, 178. 
Processes, chemical, 1. 
Pyrogallic acid, 52. 
Pyrology, 7. 
Pyrophosphoric acid and salts, 
43- 


Q. 


Qualitative analysis— 
Detection and separation 
of acid radicals, 29. 
Detection of alkaloids, 84. 
Detection of certain organic 
bodies used in medicine, 
87. 
Detection of metals, ro. 
‘‘Scale’’ medicinal pre- 
parations, g1. 
Detection of unknown salts, 
58. 
Processes, I. 
Quantitative analysis— 
Separations, 157. 
Specific gravity, 96. 
Standard solutions, 104. 
Vapour density, ror. 
Weighing and measuring, 


94- 
Quartz, action of, on light, 217. 
Quinidine, 86. 
Quinine, 86. 


R. 


Radicals, acid, 29, 75. 
Gravimetric estimation of, 


I5I. 
Reagents, 10. 
Group I., 11. 
Group II. Div. A, 13. 
Group II. Div. B, 15. 
Group III. Div. A, 18. 
Group III. Div. B, ar. 
Group IV., 24. 
Group V., 26. 
Reduction, 7, 8. 
Reichert’s process, 168. 
Resin, tests for, gt. 
In soap, 203. 
Resinous drugs (strength of), 
193. 
Rinbont bats for, 90. 
Rosin oil in fats, 199. 


S. 


Saccharimeter, 217. 
Saccharine, tests for, 89. 
Soluble, tests for, 89. 
Salicine, 84. 
Salicylic acid, 52. 
Salol, 89. 
Salts— 
Detection of alkaloid, 84, 
86. 
Detection of unknown, 58- 


83. 
Used in pharmacopeeia, 
table for detection of, 64. 
Volumetric estimation of 
various, 104-129. 
Sanitary analysis of air, 174. 
Sanitary analysis of water, 167, 
Santonin, tests for, 89. 
Saponification equivalent, 195. 
Scale preparations, qualitative 
analysis of, 91. 
Alkaloidal strength of, 190. 
Separation— 
— from phosphate, 


56. 
Chlorates from chlorides, 
53- 
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Separation (con¢d.)— 
Chlorides, iodides, bro- 
mides from nitrates, 55. 
Cinchona alkaloids, 86. 
Cyanides from chlorides, 55. 
Ferro- from ferri-cyanides, 


56. 
Group metals, 66, 74. 
Iodide from bromide and 
chloride, 53. 
Metals in groups, 66. 
Oxalates, tartrates, citrates, 
malates, 57. 
Quantitative, 157. 
Silica from all other acids, 


54. 
Sulphides, sulphites, and 
sulphates, 54. 
. Thiosulphates from sul- 
phides, 54. 
Silica, 37, 54- 
Silicates, 37. 
Silicie acid, 37. 
Anhydride, separation of, 


54. 
Estimation of, 157. 

Silver, 11. 

Estimation of, 142. 

Soap, analysis of, 201. 
Carbolic acid in, 202, 
Glycerine in, 202. 

Resin in, 203. 
Sugar in, 202. 

Sodium, 27. 

Estimation of, 150. 

Estimation of, with potas- 
sium, I5I. 

Chloride, standard solution 
of, 117. 

Hydroxide, standard solu- 
tion of, 114. 

Nitrite, estimation of, 134. 

Thiosulphate, standard 
solution of, 120. 

Soil, estimation of phosphates 

in, 154. 

Solubility tables, 82. 

Solution, 1. 

Solutions— 

Preparation of, to test for 
acids, 77. 

Preparation of, to test for 
metals, 61, 65. 

Standard, 104. 

Soxhlet’s apparatus, 2. 

Specific gravity, 96-103. 

Specific gravity of— 

Alcoholic bodies, 178. 

Gases, 100. 

Liquids, 96. 

Milk, 175. 

Oils and fats, 194. 

Solid bodies, 98. 

Urine, 210. 

Specific gravity, practical appli- 

cations of, 99. 

Spectrum analysis, 219. 

Spermatozoa, 208. 

Spirits, alcoholic strength of, 


178, 
Table for percentages, 178. 


Standard solutions— 
Argentic nitrate, 115. 
Barium chloride, 132. 
Bromine, 122. 
Copper, Fehling’s, 129. 
Hydrochloric acid, r1o. 
Todine, 119. 
Mayer's, for alkaloids, 132. 
Oxalic acid, rog. 
Phosphate, 131. 
Potassium bichromate, 128. 
Potassium hydroxide, 115. 
Potassium permanganate, 
125. 
Soap, 172. 
Sodium chloride, 117. 
Sodium hydroxide, 114. 
Sulphuric acid, r1o. 
Thiocyanate, 118. 
Thiosulphate, 120. 
Uranic nitrate, 131. 
Stannates, 46. 
Stannic acid, 46. 
Starch estimation, 131, 182. 
Stearates, 48. 
Stearic acid, 48. 
Strength of alkaloidal extracts, 
188. 
Resinous drugs, 193. 
Strontium, 25. 
Strychnine, 85. 
Sublimation, 4. 
Succinates, 49. 
Succinic acid, 49. 
Sucrose, 89. 
Sugar estimation, 131. 
In urine, 212. 
Sugars, tests for, go. 
Sulphates, 35. 
Estimation of, 132, 152, 214. 
Sulphides, 33, 54. 
Estimation of, 152. 
Sulphides, sulphites, and sul- 
phates, separation of, 54. 
Sulphites, 35. 
Sulphocyanates, 41. 
Sulphonal, 89. 
Sulphovinates, 47. 
Sulphur, 33. 
Estimation of, in organic 
analysis, 166. 
Sulphuretted hydrogen, pre- 
paration of, 9. 
Sulphuric acid, 35. 
Standard solution of, r10. 
Sulphurous acid, 35. 
Estimation of, 119. 
Sweets, analysis of, 182. 
Sykes’s hydrometer, 97. 


‘a 
Tables— 

Detection of the metal ina 
simple salt, the metals as 
in pharmacopeeia, 64. 

Detection of the metal in a 
solution containing one 
base only, 62. 

Distinction between gallic, 
tannic, and pyrogallic 
acids, 52. 
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Tables (contd.)— 
General reactions of alka- 
loids, 86. 
Percentages of alcohol, 


169. ? 
Separation of metals into 
groups, 66, — 
Solubility of salts, 82. 
Specific gravity of milk, 
temperature corrections 
for, 176. 
Tannic acid, 52. 
Tartaric acid, 49, 156. 
Tartrates, 49. 
Testing for poisons, 92. 
Thiocyanates, 41. 
Thiosulphates, 34. 
Estimation of, 119. 
Tin, 17. 
Estimation of, 145. 
Tinctures— 
Alcoholic strength of, 178. 
Methyl alcohol in, 193. 
Toxicological analysis, 92. 


Uz. 


Ultimate organic analysis, 160. 
Uranic nitrate, standard solu- 
tion of, 131. 
Urea, estimation of, 134. 
Test for, 213. 
Uric acid, 210. 
Urinary calculi, analysis of, 215. 
Urine— 
Analysis of, 20. 
Estimation of urea in, 135. 


Wi 


Valerianates, 47. 

Valerianic acid, 47. 

Valuation of ferments, 203. 

Van Babo’s apparatus, 9. 

Vaporisation, 5. 

Vapour, specific gravity of, roz. 

Vapours, density of, roz. 

Varrentrapp’s method, 165. 
Ditto modified, 164. 

Veratrine, 84. 

Vinegar, sulphuric acid in, 184. 

Volhard’s method, 118. 

Volumetric analysis, 104. 


W. 
Washing precipitates, 139. 
Water, 32. 
Mineral analysis of, 157. 
Oven, 140. 
Sanitary analysis of, 167. 
Waxes, analysis of, 199. 
Tests for the chief un- 
official, 20r. 
Weighing, 94, 106. 
Precipitates, 140. 
Westphal balance, 97. 
Wines, alcoholic strength of, 


178. 


Zz. 


Zine, 22. 
Estimation of, 148. 
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BASED ON RECENT MEDICAL LITERATURE. 


Gould’s Medical Dictionaries 


BY GEORGE M. GOULD, A.M., M.D., 


PRESIDENT, 1893-94, AMERICAN ACADEMY OF MEDICINE. 


THE STANDARD MEDICAL REFERENCE BOOKS. 


The Illustrated Dictionary of Medicine, 
Biology, and Allied Sciences. 


INCLUDING THE PRONUNCIATION, ACCENTUATION, DERIVATION, AND DEFINITION 
OF THE TERMS USED IN MEDICINE AND THOSE SCIENCES COLLATERAL TO IT: 
BIOLOGY (ZOOLOGY AND BOTANY), CHEMISTRY, DENTISTRY, PHARMACOLOGY, 
MICROSCOPY, ETc. With many Useful Tables and numerous Fine IIlustra- 
tions. Large, Square Octavo. 1633 pages. Third Edition now ready. 

Full Sheep, or Half Dark-Green Leather, $10.00; with Thumb Index, $11.00 

_ Half Russia, Thumb Index, $12.00 


The Student’s Medical Dictionary. Tenth Edition 


INCLUDING ALL THE WORDS AND PHRASES GENERALLY USED IN MEDICINE, WITH 
THEIR PROPER PRONUNCIATION AND DEFINITIONS, BASED ON RECENT MEDI- 
CAL LITERATURE. With Tables of the Bacilli, Micrococci, Leucomains, 
Ptomains, etc., of the Arteries, Muscles, Nerves, Ganglia, and Plexuses ; 
Mineral Springs of the U. S., etc. Small Octavo. 700 pages. 

Half Dark Leather, $3.25 ; Half Morocco, Thumb Index, $4.00 


43> This edition has been completely rewritten, and is greatly enlarged 
and improved over former editions. 


“We know of but one true way to test the value of a dictionary, and that is to use it. We 
have used the volume before us, as much as opportunity would permit, and in our search have 
never suffered disappointment. The definitions are lucid and concise, and are framed in the 
terms supplied by the latest authoritative literature, rather than by purely philological method. 
Obsolete words are omitted, and this has made the dimensions of the book convenient and com- 
pact. In making a dictionary, the author confesses that he has found out the labor consists in 
eliminating the useless, rather than adding the superfluous. The value of the work before us 
is increased by the large number of useful reference tables in anatomy, ptomains, micrococci, 
etc.” — Zhe Physician and Surgeon, Ann Arbor. 


The Pocket Pronouncing Medical Lexicon. 
12,000 WORDS PRONOUNCED AND DEFINED. 


Containing all the Words, their Definition and Pronunciation, that the Student 
generally comes in contact with; also elaborate Tables of the Arteries, 
Muscles, Nerves, Bacilli, etc., etc.; a Dose List in both English and Metric 
Systems, etc., arranged in a most convenient form for reference and mem- 
orizing. Zhe System of Pronunciation in this book is very simple. Thin 64 mo. 

Full Limp Leather, Gilt Edges, $1.00; Thumb Index, 1.25. 


These books may be ordered through any bookseller, or upon receipt of 
price the publishers will deliver free to the purchaser’s address. ud descriptive 
circulars and sample pages sent free upon application. 


78,000 COPIES OF GOULD’S DICTIONARIES HAVE BEEN SOLD. 


ges~ All prices are net. No discount can be allowed retail purchasers. 
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ACTON. The Functions and Disorders of the Reproductive Organs in Childhood, 
Youth, Adult Age and Advanced Life, considered in their Physiological, Social 
and Moral Relations. By WM. ACTON, M.D.,M.R.C.S. 8th Edition. Cloth, $1.75 


ALLEN, HARLAN, HARTE, VAN HARLINGEN. Local Therapeutics. 
A Handbook of Local Therapeutics, being a practical description of all those 
agents used in the local treatment of diseases of the Eye, Ear, Nose, Throat, 
Mouth, Skin, Vagina, Rectum, etc., such as Ointments, Plasters, Powders, 
Lotions, Inhalations, Suppositories, Bougies, Tampons, and the proper methods of 
preparing and applying them. By HARRISON ALLEN, M.D., late Laryngologist to 
the Rush Hospital for Consumption. GEORGE C. HARLAN, M.D., Surgeon to the 
Wills Eye Hospital, and Eye and Ear Department of the Pennsylvania Hospital. 
RICHARD H. HarTE, M.D., Surgeon to the Episcopal and St. Mary’s Hospital; 
Ass’t Surg. University Hospital; and ARTHUR VAN HARLINGEN, M.D., Professor 
of Diseases of the Skin in the Philadelphia Polyclinic and College for Graduates 
in Medicine; Dermatologist to the Howard Hospital. In One Handsome Com- 
pact Volume. Cloth, $3.00; Sheep, $4.00; Half Russia, $5.00 


ALLEN. Commercial Organic Analysis. New Revised Editions. A Treatise 
on the Properties, Proximate Analytical Examination and Modes of Assaying the 
Various Organic Chemicals and Products employed in the Arts, Manufactures, 
Medicine, etc., with Concise Methods for the Detection and Determination of 
Impurities, Adulterations and Products of Decomposition, etc. Revised and 
Enlarged. By ALFRED ALLEN, F.C.S., Public Analyst for the West Riding of 
Yorkshire; Past President Society of Public Analysts of England, etc. 

Vol. I. Alcohols, Neutral Alcoholic Derivatives, etc., Ethers, Vegetable Acids, 
Starch, Sugars, etc. Third Edition, Revised by HENRY LEFFMANN, M.D., 
with numerous additions by the author, about 100 pages of new material. 
8vo. Just Ready. Cloth, $4.50 

Vol. II. Fixed Oils and Fats, Hydrocarbons and Mineral Oils, Phenols and 
their Derivatives, Coloring Matters, etc. Third Edition, Revised by HENRY 
LEFFMANN, M.D., with numerous additions by the author. 8vo. 

Nearly Ready. Cloth, $4.50 

Vol. I1I—Part I. Acid Derivatives of Phenols, Aromatic Acids, Tannins, 
Dyes, and Coloring Matters. Third Edition. ln Preparation. 

Vol. 111—Part II. The Amines, Pyridine and its Hydrozines and Derivatives. 
The Antipyretics, etc. Vegetable Alkaloids, Tea, Coffee, Cocoa, etc. 8vo. 
Second Edition. Cloth, $4.50 

Vol. I[].—Part III. Vegetable Alkaloids, Non-Basic Vegetable Bitter Princi- 
ples. Animal Bases, Animal Acids, Cyanogen Compounds, etc. Second 
Edition, 8vo. Cloth, $4.50 

Vol. IV. The Proteids and Albuminous Principles. Second Edition. 

Nearly Ready. Cloth, $4 50 

APPENDIX VOLUME. Containing a Review of the whole work with many new 
methods, etc. In Preparation. 


SPECIAL NOTICE. These editions of Allen are issued by us in connection with him and his 
——_ London Publishers; they include much new material and copyright 
matter, and are the only authorized and up-to-date editions. 


ARLT. Clinical Studies on Diseases of the Eye. Including the Conjunctiva, 
Cornea and Sclerotic, Iris and Ciliary Body. By Dr. FERp. RITTER VON ARLT, 
Authorized Translation by LYMAN WARE, M.D., Surgeon to the Illinois Charitable 
Eye and Ear Infirmary, Chicago. Illustrated. 8vo. Cloth, $1.25 

 ARMATAGE. The Veterinarian’s Pocket Remembrancer: being Concise 

Directions for the Treatment of Urgent or Rare Cases. By GEORGE ARMATAGE, 

M.R.C.V.S. Second Edition, 32mo. Boards, $1.00 
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BALLOU. Veterinary Anatomy and Physiology. By Wm. R. BaLtou, m.p., 
Late Prof. of Equine Anatomy, New York Coll. of Veterinary Surgeons, Physician 
to Bellevue Dispensary, and Lecturer on Genito-Urinary Surgery, New York 
Polyclinic, etc. With 29 Graphic Illustrations. 12mo. Wo. 12 ? Quiz-Compend ? 
Series. Cloth, .80. Interleaved, for the addition of Notes, $1.25 


BAR. Antiseptic Midwifery. The Principles of Antiseptic Methods Applied to 
Obstetric Practice. By Dr. PAuL BAR, Paris. Authorized Translation by HENRY 
D. Fry, M.D., with an Appendix by the author. Octavo. Cloth, $1.00 


BARRETT. Dental Surgery for General Practitioners and Students of Medicine 
and Dentistry. Extraction of Teeth, etc. By A. W. BARRETT, M.D. Third 
Edition. 86 Illustrations. 1I2mo. Cloth, $1.00 


BARTLEY. Medical and Pharmaceutical Chemistry. Fourth Edition. A Text 
book for Medical and Pharmaceutical Students. By E. H. BARTLEY, M.D., Pro- 
fessor of Chemistry and Toxicology at the Long Island College Hospital; Dean 
and Professor of Chemistry, Brooklyn College of Pharmacy; President of the 
American Society of Public Analysts; Chief Chemist, Board of Health, of 
Brooklyn, N. Y. Revised and Enlarged. With Illustrations. Glossary and 
Complete Index. 1I2mo. 711 pages. Cloth, $2.75; Leather, $3.25 


BEALE. On Slight Ailments; their Nature and Treatment. By Loner S. BEALE, 
M.D., F.R.S., Professor of Practice, King’s Medical College, London. Second 
Edition. Enlarged and Illustrated. 8vo. Cloth, $1.25 

The Use of the Microscope in Practical Medicine. For Students and 
Practitioners, with full directions for examining the various secretions, etc., 
in the Microscope. Fourth Edition. 500 Illustrations. 8vo. Cloth, $6.50 

How to Work with the Microscope. A Complete Manual of Microscopical 
Manipulation. Fifth Edition. Containing over 400 Illustrations, many of 


them colored. 8vo. Cloth, $6.50 
One Hundred Urinary Deposits, on eight sheets, for the Hospital, Labora- 
tory, or Surgery. New Edition. 4to. Paper, $2.00 


BEASLEY’S Book of Prescriptions. Containing over 3100 Prescriptions, collected 
from the Practice of the most Eminent Physicians and Surgeons—English, 
French, and American; a Compendious History of the Materia Medica, Lists of 
the Doses of all Officinal and Established Preparations, and an Index of Diseases 
and their Remedies. By HENRY BEASLEY. Seventh Edition. Cloth, $2.00 


Druggists’ General Receipt Book. Comprising a copious Veterinary Formu- 
lary; Recipes in Patent and Proprietary Medicines, Druggists’ Nostrums, 
etc.; Perfumery and Cosmetics; Beverages, Dietetic Articles and Condi- 
ments; Trade Chemicals, Scientific Processes, and an Appendix of Useful 
Tables. Tenth Edition. Revised. Cloth, $2.00 


Pocket Formulary and Synopsis of the British and Foreign Pharmacopceias. 
Comprising Standard and Approved Formule for the Preparations and 
Compounds Employed in Medical Practice. Twelfth Edition. In Press. 


BEEVOR. Diseases of the Nervous System and Their Treatment. By Cuas. 
EDWARD BEEVOR, M.D., F.R.C.P., Physician to the National Hospital for Para- — 
lyzed and Epileptic; Formerly Assistant Physician University College Hospital, 
London. Illustrated. 12mo. Cloth, $2.50 © 


BIDDLE’S Materia Medica and Therapeutics. Including Dose List, Dietary for — 
the Sick, Table of Parasites, and Memoranda of New Remedies. By Prof. 
Joun B. BIDDLE, M.D., Late Prof. of Materia Medica in Jefferson Medical College, — 
Philadelphia. ‘Thirteenth Edition, thoroughly revised in accordance with new 
U.S. P., by CLEMENT BIDDLE, M.D., Assistant Surgeon, U.S. Navy. With 64 
Illustrations and a Clinical Index. Octavo. Cloth, $4.00; Sheep, $5.00 


BIGELOW. Plain Talks on Medical Electricity and Batteries, with a Thera- 
peutic Index and a Glossary. By Horatio R. BIGELOw, M.D., Fellow of the — 
British Gynecological Society; of the American Electro-Therapeutic Association, — 
etc. 43 Illus., anda Glossary. 2d Ed. 12mo. Cloth, $1.00 — 
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BLACK. Micro-Organisms. The Formation of Poisons. A Biological study of 
the Germ Theory of Disease. By G. V. BLACK, M.D., D.D.S. Cloth, .75 


BLACKBURN. Autopsies. A Manual of Autopsies, Designed for the use of Hos- 
pitals for the Insane and other Public Institutions. By I, W. BLACKBURN, M.D., 
Pathologist to the Government Hospital for the Insane, Washington, D. C. With 
ten Full-page Plates and four other Illustrations. 12mo, Cloth, $1.25 


BLODGETT’S Dental Pathology. By Avserr N. BLopceTT, M.D., Late Prof. of 
Pathology and Therapeutics, Boston Dental Coll. 33 Illus. 12mo. Cloth, $1.25 


BLOXAM. Chemistry, Inorganic and Organic. With Experiments. By 
CHARLES L. BLoxaM. Edited by J. M. THompson, Professor of Chemistry in 
King’s College, London, and A. G. BLoxam, Head of the Chemistry Depart- 
ment, Goldsmiths’ Institute, London. Eighth Edition. Revised and Enlarged. 
281 Engravings, 20 of which are new. 8vo. Cloth, $4.25; Leather, $5.25 


BRACKEN. Outlines of Materia Medica and Pharmacology. By H. M. 


BRACKEN, Professor of Materia Medica and Therapeutics and of Clinical 


Medicine, University of Minnesota. Cloth, $2.75 
BROCKBANK. On Gall-Stones or Cholelithiasis. By EDWARD MANSFIELD 
BROCKBANK, M.D., M.R.C.P. I2mo. Cloth, $2.25 


BROWN. Medical Diagnosis. A Manual of Clinical Methods. By J. J. GRAHAM 
BROWN, M.D., F.R.C.P., Asst. Physician Royal Infirmary; Lecturer on Principles 
and Practice of Medicine in the School of Medicine of the Royal Colleges, 
Edinburgh, etc. Fourth Edition. Revised and Enlarged, with 112 Illustrations, 
I2mo, Cloth, $2.25 


BROWN. Elementary-Physiology for Nurses. By Miss FLORENCE HAIG Brown, 
Late in Charge Nurse Department, St. Thomas’ Hospital, London. With many 
Illustrations. Cloth, .75 


BRUBAKER. Physiology. A Compend of Physiology, specially adapted for the 
use of Students and Physicians. By A. P. BRUBAKER, M.D., Demonstrator of 
Physiology at Jefferson Medical College, Prof. of Physiology, Penn’a College of 
Dental Surgery, Philadelphia. Eighth Edition. Revised, Enlarged, and Illus- 
trated. Vo. 4, ? Quiz-Compend ? Series. 12mo0. Cloth, .80; Interleaved, $1.25 


BULKLEY. The Skin in Health and Disease. By L. DuNcAN BULKLEY, M.D., 
Attending Physician at the New York Hospital. Illustrated. Cloth, .40 


BURNET. Foods and Dietaries. A Manual of Clinical Dietetics. By R. W. 
BURNET, M.D., M.R.C.P., Physician to the Great Northern Central Hospital. 
With Appendix on Predigested Foods and Invalid Cookery. Full directions as 
to hours of taking nourishment, quantity, etc., are given. Second Edition. 
I2mo. Cloth, $1.50 


BURNETT. Hearing, and How to Keep It. By Cuas. H. Burnett, m.D., Prof. 
of Diseases of the Ear at the Philadelphia Polyclinic. Illustrated. Cloth, .40 


BUXTON. On Anesthetics. A Manual. By DUDLEY WILMoT BUXTON, M.R.C.S., 
M.R.C.P., Ass’t to Prof. of Med., and Administrator of Anesthetics, University 
College Hospital, London. Third Edition, Illustrated. 12mo. In Press. 


BYFORD. Manual of Gynecology. A Practical Student’s Book. By Henry T. 
ByFoORD, M.D., Professor of Gynecology and Clinical Gynecology in the College 
of Physicians and Surgeons of Chicago; Professor of Clinical Gynecology, 
Women’s Medical School of Northwestern University, and in Post-Graduate 
Medical School of Chicago, etc. Second Edition, Enlarged. With 341 Illustra- 
tions, many of which are from original drawings and several of which are col- 
ored. 1I2mo. 596 pages. Cloth, $3.00 

BYFORD. Diseases of Women. The Practice of Medicine and Surgery, as 


applied to the Diseases and Accidents Incident to Women. By the late W. H. 
BYFORD, A.M., M.D. Fourth Edition. 306 Illustrations. Octavo. Cloth, $2.00 


CAIRD AND CATHCART. Surgical Handbook. By F. M. Carrp, F.R.c.s., and 
C. W. CATHCART, F.R.C.S. Eighth Edition, Revised. 208 Illustrations. 1I2mo. 
321 pages. Full Red Morocco, Gilt Edges, and Round Corners, $2.50 
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CALDWELL. Chemical Analysis, Elements of Qualitative and Quantitative 
Chemical Analysis. By G. C. CALDWELL, B.S., Px.D., Professor of Agricultural 
and Analytical Chemistry in Cornell University, Ithaca, New York, etc. Third 
Edition. Revised and Enlarged. Octavo. Cloth, $1.50 


CAMERON. Oils and Varnishes. A Practical Handbook, by JAMEs CAMERON, 
F.1.c. With Illustrations, Formule, Tables, etc. 12mo. Cloth, $2.25 
Soap and Candles. A New Handbook for Manufacturers, Chemists, Ana- 

lysts, etc. 54 Illustrations. 12mo. Cloth, $2.00 


CAMPBELL. Outlines for Dissection. To be Used in Connection with Morris’s 
Anatomy. By W. A. CAMPBELL, M.D., late Demonstrator of Anatomy, Univer- 
sity of Michigan. Octavo. Cloth, $1.00 


CANFIELD. Hygiene of the Sick-Room. A book for Nurses and others. Being 
a Brief Consideration of Asepsis, Antisepsis, Disinfection, Bacteriology, Immu- 
nity, Heating and Ventilation, and kindred subjects, for the use of Nurses and 
other Intelligent Women. By WILLIAM BUCKINGHAM CANFIELD, A.M., M.D., 
Lecturer on Clinical Medicine and Chief of Chest Clinic, University of Mary- 
land, Physician to Bay View Hospital and Union Protestant Infirmary, Balti- 
more. 1I2mo, : Cloth, $1.25 


CARPENTER. The Microscope and Its Revelations. By W. B. CARPENTER, 
M.D., F.R.S. Eighth Edition. By Rev. Dr. DALLINGER, F.R.S. Revised and 
Enlarged, with 800 Illustrations and many Lithographs. Octavo. Preparing. 


CAUTLEY. Feeding of Infants and Young Children by Natural and Arti- 
ficial Methods. By EDMUND CAUTLEY, M.D., Physician to the Belgrave Hospital 
for Children, London. 12mo. Cloth, $2.00 


CAZEAUX and TARNIER’S Midwifery. With Appendix, by Mundé. The 
Theory and Practice of Obstetrics, including the Diseases of Pregnancy and 
Parturition, Obstetrical Operations, etc. By P. CAZEAUX. Remodeled and re- 
arranged, with revisions and additions, by S. TARNIER,M.D. Eighth American, 
from the Eighth French and First Italian Edition. Edited by Ropert J. HEss, 
M.D., Physician to the Northern Dispensary, Phila., etc., with an Appendix by 
PauL F. Munp&, M.D., Professor of Gynecology at the New York Polyclinic. 
Illustrated by Chromo-Lithographs, Lithographs, and other Full-page Plates 
and numerous Wood Engravings. 8vo. Cloth, $4.50; Full Leather, $5.50 


CHARTERIS. Practice of Medicine. The Student’s Guide. By M. Cuarrteris, 
M.D., Professor of Therapeutics and Materia Medica, Glasgow University, etc. 
Sixth Edition, with Therapeutical Index and many Illustrations. Cloth, $2.00 


CLOWES AND COLEMAN. Elementary Practical Chemistry and Qualitative 
Analysis. Adapted for Use in the Laboratories of Schools and Colleges. By 
FRANK CLOWES, D.Sc., Professor of Chemistry, University College, Nottingham, 
and J. BERNARD COLEMAN, Demonstrator of Chemistry, Nottingham, England. 
54 Illustrations. Cloth, $1.25 


COBLENTZ. Manual of Pharmacy. A Text-Book for Students. By VirGIL 
COBLENTZ, A.M., PH.G., PH.D., Professor of Theory and Practice of Pharmacy; 
Director of Pharmaceutical Laboratory, College of Pharmacy of the City of 
New York. Second Edition, Revised and Enlarged. 437 Illustrations. Octavo. 
572 pages. Cloth, $3.50; Sheep, $4.50; Half Russia, $5.50 


COHEN. The Throat and Voice. By J. SoLis-CouHEN, M.D. Illus. 12mo. Cloth, .40 


COLLIE, On Fevers. A Practical Treatise on Fevers, Their History, Etiology, 
Diagnosis, Prognosis, and Treatment. By ALEXANDER COLLIE, M.D., M.R.C.P., 
Lond., Medical Officer of the Homerton and of the London Fever Hospitals. 
With Colored Plates. 12mo. Cloth, $2.c0 
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COOPER. Syphilis. By Atrrep Cooper, F.R.C.s., Senior Surgeon to St. Mark’s 
Hospital; late Surgeon to the London Lock Hospital, etc. Edited by EDwarRpD 
COTTERELL, F.R.C.S., Surgeon London Lock Hospital, etc. Second Edition. 
Enlarged and Illustrated with 20 Full-Page Plates containing many handsome 
Colored Figures. Octavo. Cloth, $5.00 


COPLIN. Manual of Pathology. Including Bacteriology, the Technic of Post- 
Mortems, and Methods of Pathologic Research. By W. M. LATE COPLIN, M.D., 
Professor of Pathology and Bacteriology, Jefferson Medical College ; Pathologist 
to Jefferson Medical College Hospital and to the Philadelphia Hospital; Bacte- 
riologist to the Pennsylvania State Board of Health. Being the Second Edition 
of the author’s ‘‘ Lectures on Pathology.”” Rewritten and Enlarged. 265 Illus- 
trations, many of which are original. 12mo. 638 pages. Cloth, $3.00 


COPLIN and BEVAN. Practical Hygiene. By W.M.L. Copuin, M.D., and D. 
BEVAN, M.D., Ass’t Department of Hygiene, Jefferson Medical College; Bac- 
teriologist, St. Agnes’ Hospital, Philadelphia, with an Introduction by Prof. 
H. A. Hare, and articles on Plumbing, Ventilation, etc., by Mr. W. P. Locking- 
ton. 138 Illustrations. 8vo. 

Cloth, $3.25; Sheep, $4.25; Half Russia, $5.25 


CROCKER. Diseases of the Skin. Their Description, Pathology, Diagnosis, and 
Treatment, with special reference to the Skin Eruptions of Children. By H. 
RADCLIFFE CROCKER, M.D., Physician to the Dept. of Skin Diseases, University 
College Hospital, London. g2 Illustrations. Third Edition. Preparing. 


CUFF. Lectures on Medicine to Nurses. By HERBERT EDMUND Curr, M.D., Late 
Ass’t Medical Officer, Stockwell Fever Hospital, England. Second Edition, Re- 
vised. With 25 Illustrations. Cloth, $1.25 


CULLINGWORTH. A Manual of Nursing, Medical and Surgical. By CuarLes 
J. CULLINGWORTH, M.D., Physician to St. Thomas’ Hospital, London. Third 
Revised Edition. With Illustrations. t12mo. Cloth, .75 

A Manual for Monthly Nurses. Third Edition. 32mo. Cloth, .40 


DALBY. Diseases and Injuries of the Ear, By Str WitLtaAm B. DALBY, M.D., 
Aural Surgeon to St. George’s Hospital, London. Illustrated. Fourth Edition. 
With 38 Wood Engravings and 8 Colored Plates. Cloth, $2.50 


DAVIS. A Manual of Obstetrics. Being a complete manual for Physicians and 
Students. By Epwarp P. Davis, A.M., M.D., Professor of Obstetrics in the Jef- 
ferson Medical College; Professor of Obstetrics in the Philadelphia Polyclinic; 
Clinical Professor of Pediatrics in the Woman’s Medical College of Philadelphia ; 
Attending Obstetrician to the Philadelphia Hospital and to the Jefferson Hospital ; 
Member of the American Gynecological Society, of the American Pediatric 
Society, of the International Congress of Gynecology and Obstetrics, of the 
College of Physicians of Philadelphia, of the Philadelphia Obstetrical Society, 
etc. Third Edition, Revised. With many Colored and other Illustrations, a 
large number of which have been drawn for this edition by a special artist. 
I2mo. Nearly Ready. 


DAVIS. Essentials of Materia Medica and Prescription Writing. By J. 
AUBREY Davis, M.D., Ass’'t Dem. of Obstetrics and Quiz Master in Materia 
Medica, University of Pennsylvania; Ass’t Physician, Home for Crippled Chil- 


dren, Philadelphia. 12mo. $1.50 
DAY. On Headaches, The Nature, Causes, and Treatment of Headaches. By 
Wm. H. Day, M.D. Fourth Edition. Illustrated. 8vo. Cloth, $1.00 


DOMVILLE. Manual for Nurses and others engaged in attending to thesick. By 
Ep. J. DOMVILLE, M.D. Eighth Edition. Revised. With Recipes for Sick- 
room Cookery, etc. I2mo. Cloth, .75 

DONDERS. Aphorisms Upon Anomalies of Refraction, and Their Results. 
Translated and Edited by Dr. HERMAN SNELLEN and CHARLES A. OLIVER, M.D., 
Philadelphia. Small Octavo. In Press. 
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DEAVER. Appendicitis. Its History, Anatomy, Etiology, Pathology, Symptoms. 
Diagnosis, Prognosis, Treatment, Complications, and Sequelae. By JoHN B 
DEAVER, M.D., Assistant Professor of Applied Anatomy, University of Pennsyl- 
vania; Surgeon to the German Hospital, to the Children’s Hospital, and to the 
Philadelphia Hospital; Consulting Surgeon to St. Agnes’, St. Timothy's, and 
Germantown Hospitals, etc. A Systematic Treatise, with Colored Illustrations of 
Methods of Procedure in Operating and Plates of Typical Pathological Condi- 
tions drawn specially for this work. 32 Full-Page Plates. 8vo. Cloth, $3.50 


Surgical Anatomy. A Treatise upon Surgical Anatomy and the Anatomy 
of Surgery. Jllustrated by upward of 200 Original Pictures drawn by 
special artists from dissections made for the purpose. Octavo. ln Press. 


DUCKWORTH. On Gout. Illustrated. A treatise on Gout. By Sir Dyce 
DucKWoRTH, M.D. (Edin.), F.R.c.P., Physician to, and Lecturer on Clinical 
Medicine at, St. Bartholomew’s Hospital, London. With Chromo-lithogravhs 
and Engravings. Octavo. Cloth, $6.00 


DUHRSSEN. A Manual of Gynecological Practice. By Dr. A. DUHRSSEN, 
Privat-docent in Midwifery and Gynecology in the University of Berlin. Trans- 
lated from the Fourth German Edition and Edited by JoHN W. TAYLOR, F.R.C.S., 
Surgeon to the Birmingham and Midlands Hospital for Women; Vice-President 
of the British Gynecological Society; and FREDERICK EDGE, M.D., M.R.C.P., 
F.R.C.S., Surgeon to the Wolverhampton and District Hospital for Women. With 


105 Illustrations. I2mo. Cloth, $1.50 
DULLES. What to Do First In Accidents and Poisoning. By C.W. DULLES, M.D. 
Fifth Edition, Enlarged, with new Illustrations. 12mo. Cloth, $1.00 


FENWICK. Guide to Medical Diagnosis. By SAMUEL FENWICK, M.D., F.R.C.P., 
Consulting Physician to the London Hospital; and W. S. FENWICK, M.D., 
M.R.C.P., Physician to the Out-Patients, Evelina Hospital for Children. Eighth 
Edition. In great part rewritten, with several new chapters. 135 Illustrations. 

Cloth, $2.50 

FICK. Diseases of the Eye and Ophthalmoscopy. A Handbook for Physicians 
and Students. By Dr. EUGEN Fick, University of Zurich. Authorized Transla- 
tion by A. B. HALE, M.D., Ophthalmic Surgeon, United Hebrew Charities; Con- 
sulting Ophthalmic Surgeon, Charity Hospital, Chicago; late Vol. Assistant, 
Imperial Eye Clinic, University of Kiel. With a Glossary and 158 Illustrations, 
many of which are in colors. Octavo. 

Cloth, $4.50; Sheep, $5.50; Half Russia, $6.50 

FIELD. Evacuant Medication—Cathartics and Emetics. By Henry M. FIExLp, 
M.D., Professor of Therapeutics, Dartmouth Medical College, Corporate Mem- 
ber Gynecological Society of Boston, etc. I2mo. 288 pp. ’ Cloth, $1.75 


FILLEBROWN. A Text-Book of Operative Dentistry. Written by invitation 
of the National Association of Dental Faculties. By THOMAS FILLEBROWN, M.D., 
D.M.D., Professor of Operative Dentistry in the Dental School of Harvard Uni- 
versity ; Member of the American Dental Assoc., etc. Illus. 8vo. Clo., $2.25 


FOWLER’S Dictionary of Practical Medicine. By Various Writers. An Ency- 
clopedia of Medicine. Edited by JAMES KINGSTON FOWLER, M.A., M.D., F.R.C.P., 
Senior Asst. Physician to, and Lecturer on Pathological Anatomy at, the Mid- 
dlesex Hospital, London. 8vo. Cloth, $3.00; Half Morocco, $4.00 


FOX. Water, Air and Food. Sanitary Examinations of Water, Air and Food. 
By CoRNELIUS B. Fox, M.D, 110 Engravings. 2d Ed., Revised, Cloth, $3.50 


GARDNER. The Brewer, Distiller and Wine Manufacturer. A Handbook for 
all Interested in the Manufacture and Trade of Alcohol and Its Compounds. 
Edited by JoHN GARDNER, F.C.S. Illustrated. Cloth, $1.50 

Bleaching, Dyeing, and Calico Printing. With Formulz. Illustrated. $1.50 
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FULLERTON. Obstetric Nursing. By Anna M. FULLERTON, M.D., Demon- 
strator of Obstetrics in the Woman's Medical College; Physician in charge 
of, and Obstetrician and Gynecologist to, the Woman's Hospital, Philadelphia, 
etc. 40 Illustrations. Fourth Edition. Revised and Enlarged. 12mo. Cloth, $1.00 


Nursing in Abdominal Surgery and Diseases of Women. Comprising the 
Regular Course of Instruction at the Training School of the Woman's 
Hospital, Philadelphia. Second Ed. 70 Illustrations. 12mo. Cloth, $1.50 


GARROD. On Rheumatism. A Treatise on Rheumatism and Rheumatic Arthritis. 
By ARCHIBALD EDWARD GARROD, M.A. (Oxon.), M.D., M.R.C.S. (Eng.), Asst. 
Physician, West London Hospital. Illustrated. Octavo. Cloth, $5.00 


GILLIAM’S Pathology. The Essentials of Pathology ; a Handbook for Students. 
By D. Top GILLIAM, M.D., Professor of Physiology, Starling Medical College, 
Columbus, O. With 47 Illustrations. 12mo. Cloth, .75 


GOODALL and WASHBOURN. A Manual of Infectious Diseases. By 
EDWARD W. GOODALL, M.D. (London), Medical Superintendent Eastern (Fever) 
Hospital, Homerton, London, etc., and J. W. WASHBOURN, F.R.c.P., Assistant 
Physician to Guy’s Hospital and Physician to the London Fever Hospital. 
Illustrated with Charts, Diagrams, and Full-Page Plates. Cloth, $3.00 


GORGAS’S Dental Medicine. A Manual of Materia Medica and Therapeutics. 
By FERDINAND J. S. GORGAS, M.D., D.D.S., Professor of the Principles of Dental 
Science, Oral Surgery and Dental Mechanism in the Dental Dep. of the Univ. 
of Maryland. Sixth Edition. Revised and Enlarged, with many Formule. 8vo. 

Cloth, $4.00; Sheep, $5.00; Half Russia, $6.00 


GOULD. The Illustrated Dictionary of Medicine, Biology, and Allied Sciences, 
Being an Exhaustive Lexicon of Medicine and those Sciences Collateral to it: 
Biology (Zoology and Botany), Chemistry, Dentistry, Pharmacology, Microscopy, 
etc. By GEORGE M. GOULD, M.D., Formerly Editor of Zhe Medical News ,; 
President, 1893-94, American Academy of Medicine, etc. With many Useful 
Tables and numerous Fine Illustrations. Large, Square Octavo. 1633 pages. 
Third Edition now Ready. Full Sheep, or Half Dark-Green Leather, $10.00; 

With Thumb Index, $11.00; Half Russia, Thumb Index, $12.00 
The Student's Medical Dictionary. Tenth Edition. Enlarged. Including 
all the Words and Phrases generally used in Medicine, with their proper 
Pronunciation and Definitions, based on Recent Medical Literature. With 
Tables of the Bacilli, Micrococci, Leucomains, Ptomains, etc., of the Arteries, 
Muscles, Nerves, Ganglia and Plexuses; Mineral Springs of U.S., etc. Re- 
written, Enlarged, and set from new Type. Small octavo, 700 pages. 
Half Dark Leather, $3.25; Half Morocco, Thumb Index, $4.co 


The Pocket Pronouncing Medical Lexicon. (12,000 Medical Words 
Pronounced and Defined.) A Student’s Pronouncing Medical Lexicon. 
Containing all the Words, their Definition and Pronunciation, that the 
Student generally comes in contact with; also elaborate Tables of the 
Arteries, Muscles, Nerves, Bacilli, etc., etc.; a Dose List in both English 
and Metric System, etc., arranged in a most convenient form for reference 
and memorizing. Thin 64mo. (6x 334 inches.) Zhe System of Pronunct- 
ation used in this book ts very simple. 

Full Limp Leather, Gilt Edges, $1.00; Thumb Index, $1.25 
*,* Sample pages and descriptive circulars sent free upon application. See page 4. 

Borderland Studies. Miscellaneous Addresses and Essays Pertaining to Medi- 
cine and the Medical Profession, and Their Relations to General Science 
and Thought. By GeorGE M. GOULD, M.D. 350 pages. 12mo. Cloth, $2.00 

Compend of Diseases of the Eye and Refraction. Including Treatment 
and Operations, with a Section on Local Therapeutics. By GEORGE M. 
GOULD, M.D., and W. L, PYLE, M.D. With Formule, Glossary, and several 
Tables. 111 Illustrations, several of which are Colored. Being No. 8 
? Quiz-Compend ? Series. Cloth, .80. Interleaved for Notes, $1.25 
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GORDINIER. The Gross and Minute Anatomy of the Central Nervous 
System. By H.C. GorDINIER, A.M., M.D., Professor of Physiology and Anatomy 
of the Nervous System in the Albany Medical College. With many original 
Illustrations. In Preparation. 


GRIFFITH’S Graphic Clinical Chart. Designed by J. P. Crozer GRIFFITH, 
M.D., Instructor in Clinical Medicine in the University of Pennsylvania. Printed 
in three colors. Sample copies free. Put up in loose packages of 50, .50 
Price to Hospitals, 500 copies, $4.00; 1000 copies, $7.50. With name of Hos- 

pital printed on, 50 cents extra. 


GROFF. Materia Medica for Nurses. By Joun E. Grorr, Pharmacist Rhode 
Island Hospital, Providence. 12mo. 240 pages. Nearly Ready. 


GROVES AND THORP. Chemical Technology. A new and Complete Work. 
The Application of Chemistry to the Arts and Manufactures. Edited by 
CHARLES E. GROVES, F,R.S., and WM. THORP, B.Sc., F.I.C., assisted by many 
experts. In about eight volumes, with numerous illustrations. Zach volume 
sold separately. 

Vol. I. FuzL AND ITs APPLICATIONS, 607 Illustrations and 4 Plates. Octavo. 

Cloth, $5.00; Half Morocco, $6.50 
Vol. II. Licurine. Illustrated. Octavo. Cloth, $4.00; Half Morocco, $5.50 
Vol. III. Ligutrinc—Continued. In Press. 


GOWERS. Manual of Diseases of the Nervous System. A Complete Text-book. 
By WILLIAM R. GOWERS, M.D., F.R.S., Physician to National Hospital for the 
Paralyzed and Epileptic; Consulting Physician, University College Hospital; 
formerly Professor of Clinical Medicine, University College, etc. Second 
Edition. Revised, Enlarged and in many parts rewritten. With many new 
Illustrations. Two Volumes. Octavo. 


VoL. I. Diseases of the Nerves and Spinal Cord. 616 pages. 
Cloth, $3.00 ; Sheep, $4.00; Half Russia, $5.00 
Vou. Il. Diseases of the Brain and Cranial Nerves; General and 

Functional Diseases. 1069 pages. 

Cloth, $4.00; Sheep, $5.00; Half Russia, $6.00 
*,* This book has been translated into German, Italian, and Spanish. It is 
published in London, Milan, Bonn, Barcelona, and Philadelphia. 

Syphilis and the Nervous System. Being a revised reprint of the Lettso- 
mian Lectures for 1890, delivered before the Medical Society of London. 
I2mo. Cloth, $1.00 

Diagnosis of Diseases of the Brain. 8vo. Second Ed. Illus. Cloth, $1.50 

Medical Ophthalmoscopy. A Manual and Atlas, with Colored Autotype and 
Lithographic Plates and Wood-cuts, comprising Original Illustrations of the 
changes of the Eye in Diseases of the Brain, Kidney, etc. Third Edition. 
Revised, with the assistance of R. MARCUS GUNN, F.R.C.S., Surgeon, Royal 


London Ophthalmic Hospital, Moorfields. Octavo. _ Cloth, $4.00 
The Dynamics of Life. 12mo. Cloth, .75 
Clinical Lectures. A new volume of Essays on the Diagnosis, Treatment, 

etc., of Diseases of the Nervous System. Cloth, $2.00 


Epilepsy and Other Chronic Convulsive Diseases. Second Edition. Jz Press 


HAIG. Causation of Disease by Uric Acid. A Contribution to the Pathology of 
High Arterial Tension, Headache, Epilepsy, Mental Depression, Gout, Rheu- 
matism, Diabetes, Bright’s Disease, Anzemia, etc. By ALEX. HAIG, M.A., M.D. 
(Oxon.), F.R.C.P., Physician to Metropolitan Hospital, London. 65 Illustrations. 
Fourth Edition. Cloth, $3.00 


‘HALE. On the Management of Children in Health and Disease. Cloth, .50 
HALL. Compend of General Pathology and Morbid Anatomy. By H. Newsrry 
HALL, PH.G., M.D., Professor of Pathology, Post-Graduate Medical School, 

Chicago. 91 Illustrations. Vo. 75 ? Quiz-Compend ? Series. 
New Edition Preparing. 
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HALL. Diseases of the Nose and Throat. By F. DE HAvILLAND HALL, M.D., 
F.R.C.P. (Lond.), Physician in charge Throat Department Westminster Hospital ; 
Joint Lecturer on Principles and Practice of Medicine, Westminster Hospital 
Medical School, etc. Two Colored Plates and §9 Illus. 12mo. Cloth, $2.50 


HAMILTON. Lectures on Tumors from a Clinical Standpoint. By Joun B. 
HAMILTON, M.D., LL.D., Professor of Principles and Practice of Surgery and 
Clinical Surgery in Rush Medical College, Chicago; Professor of Surgery, 
Chicago Polyclinic; Surgeon Presbyterian Hospital, etc. Third Edition, 
Revised with new Illustrations. 1I2mo. Cloth, $1.25 


HANSELL and BELL. Clinical Ophthalmology, Illustrated. A Manual for 
Students and Physicians. By HOwarpD F. HANSELL, A.M., M.D., Lecturer on 
Ophthalmology in the Jefferson College Hospital, Philadelphia, etc., and JAMES 
H. BELL, M.D., Ophthalmic Surgeon, Southwestern Hospital, Phila. With 
Colored Plate of Normal Fundus and 120 Illustrations. 12mo. Cloth, $1.50 


HARE. Mediastinal Disease. The Pathology, Clinical History and Diagnosis of 
Affections of the Mediastinum other than those of the Heart and Aorta. By H.A. 
HARE, M.D., Professor of Materia Medica and Therapeutics in Jefferson Medical 
College, Philadelphia. 8vo. Illustrated by Six Plates. Cloth, $2.00 


HARLAN. Eyesight, and How to Care for It. By Grorce C. HARLAN, M.D., 
Prof. of Diseases of the Eye, Philadelphia Polyclinic. Illustrated. Cloth, .40 


HARRIS’S Principles and Practice of Dentistry. Including Anatomy, Physi- 
ology, Pathology, Therapeutics, Dental Surgery and Mechanism. By CHAPIN A. 
HARRIS, M.D., D.D.S., late President of the Baltimore Dental College, Author of 
‘‘ Dictionary of Medical Terminology and Dental Surgery.”’ Thirteenth Edition. 
Revised and Edited by FERDINAND J. S. GORGAS, A.M., M.D., D.D.S., Author of 
“Dental Medicine; Professor of the Principles of Dental Science, Oral 
Surgery, and Dental Mechanism in the University of Maryland. 1250 Illustra- 
tions. 1180 pages. 8vo. Cloth, $6.00; Leather, $7.00; Half Russia, $8.00 

Dictionary of Dentistry. Including Definitions of such Words and Phrases 
of the Collateral Sciences as Pertain to the Art and Practice of Dentistry. 
Sixth Edition. Rewritten, Revised and Enlarged. By FERDINAND J. S. 
GORGAS, M.D., D.pD.Ss., Author of ‘‘Dental Medicine;’’ Editor of Harris’s 
‘Principles and Practice of Dentistry; Professor of Principles of Dental 
Science, Oral Surgery, and Prosthetic Dentistry in the University of Mary- 
land. Octavo. Cloth, $5.00; Leather, $6.00 


HARRIS and BEALE. Treatment of Pulmonary Consumption. By VINCENT 
DoRMER HARRIS, M.D. (Lond.), F.R.c.P., Physician to the city of London Hospi- 
tal for Diseases of the Chest; Examining Physician to the Royal National Hos- 
pital for Diseases of the Chest, Ventnor, etc., and E. CLIFFORD BEALE, M.A., 
M.B. (Cantab.), F.R.C.P., Physician to the City of London Hospital for Diseases 
of the Chest, etc. I2mo. Cloth, $2.50 

HARTRIDGE. Refraction. The Refraction of the Eye. A Manual for Students. 
By Gustavus HARTRIDGE, F.R.C.S., Consulting Ophthalmic Surgeon to St. Bar- 
tholomew’s Hospital, etc. 98 Illustrations and Test Types. Eighth Edition. 
Revised and Enlarged by the Author, Cloth, $1.50 

On The Ophthalmoscope. A Manual for Physicians and Students. Third 
Edition. With Colored Plates and 68 Wood-cuts. 12mo. Cloth, $1.50 


HARTSHORNE. Our Homes. Their Situation, Construction, Drainage, etc. By 
HENRY HARTSHORNE, M.D. Illustrated. Cloth, .40 


HATFIELD. Diseases of Children. By Marcus P. HartFietp, Professor ot 
Diseases of Children, Chicago Medical College. With a Colored Plate. Second 
Edition. Being No. 14, ? Quiz-Compend ? Series. 12mo. Cloth, .80 

Interleaved for the addition of notes, $1.25 


HELLER. Essentials of Materia Medica, Pharmacy, and Prescription Writ- 
i By Epwin A. HELLER, M.D., Quiz-Master in Materia Medica and Phar- 
macy at the Medical Institute, University of Pennsylvania. 12mo. Cloth, $1.50 
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HEATH. Minor Surgery and Bandaging. By CuristopHER HEATH, F.R.CS., 
Holme Professor of Clinical Surgery in University College, London. Tenth 
Edition. Revised and Enlarged. With 158 Illustrations, 62 Formulz, Diet 


List, etc. I2mo. Cloth, $1.25 
Practical Anatomy. A Manual of Dissections. Eighth London Edition. 
300 Illustrations. Cloth, $4.25 


Injuries and Diseases of the Jaws. Fourth Edition. Edited by HENRY 
Percy DEAN, M.S., F.R.C.S., Assistant Surgeon London Hospital. With 


187 Illustrations. 8vo. Cloth, $4.50 
Lectures on Certain Diseases of the Jaws, delivered at the Royal College of 
Surgeons of England, 1887. 64 Illustrations. 8vo. Boards, .50 


HEMMETER. Diseases of the Stomach. Their Special Pathology, Diagnosis, 
and Treatment. With Sections on Anatomy, Analysis of Stomach Contents, 
Dietetics, Surgery of the Stomach, etc. By JoHN C. HEMMETER, M.D., PHILOS.D., 
Clinical Professor of Medicine in the University of Maryland; Consultant to the 
University Hospital; Director of the Clinical Laboratory, etc.; formerly Clini- 
cal Professor of Medicine at the Baltimore Medical College, etc. With Colored 


and other Illustrations. Cloth, $6.00; Leather, $7.00; Half Russia, $8.00 
HENRY. Anemia. A Practical Treatise. By FRED’K P. HENRY, M.D., Physician 
to Episcopal Hospital, Philadelphia. Half Cloth, .50 


HEWLETT. Manual of Bacteriology. By R. T. HEWLETT, M.D., M.R.C.P., Asst. 
Bacteriologist British Institute of Preventive Medicine, etc. With 75 Illustra- 
tions. Octavo. Cloth, $3.00 


HOLLOPETER. Hay Fever and Its Successful Treatment. By W. C. HOoLLo- 
PETER, A.M., M.D., Clinical Professor of Pediatrics in the Medico-Chirurgical Col- 
lege of Philadelphia, Physician to the Methodist Episcopal, Medico-Chirurgical, 
and St. Joseph Hospitals, etc. I2mo. Cloth, $1.00 


HOLDEN’S Anatomy. Sixth Edition. A Manual of the Dissections of the Human 
Body. By JoHN LANGTON, F.R.C.S., Surgeon to, and Lecturer on Anatomy at, 

St. Bartholomew’s Hospital. Carefully Revised by A. HEwson, M.D., Demonstra- 

tor of Anatomy, Jefferson Medical College, etc. 311 Illustrations. 12mo. 800 
pages. Cloth, $2.50; Oil-cloth, $2.50; Leather, $3.00 

‘ Human Osteology. Comprising a Description of the Bones, with Colored 
Delineations of the Attachments of the Muscles. The General and Micro- 

scopical Structure of Bone and its Development. 7th Ed., carefully Revised. 

With Lithographic Plates and Numerous Illustrations. Cloth, $5.25 


Landmarks. Medical and Surgical. 4th Edition. 8vo. Cloth, $1.00 


HOLLAND. The Urine, the Gastric Contents, the Common Poisons and the 
Milk. Memoranda, Chemical and Microscopical, for Laboratory Use. By J. W. 
HOLLAND, M.D., Professor of Medical Chemistry and Toxicology in Jefferson 
Medical College, of Philadelphia. Fifth Edition, Enlarged. Illustrated and 
Interleaved. 12mo. Cloth, $1.00 


HORSLEY. The Brain and Spinal Cord. The Structure and Functions of. Being 
the Fullerian Lectures on Physiology for 1891. By Vicror A. HORSLEY, M.B., 
F.R.S., etc., Assistant Surgeon, University College Hospital, Professor of Pathology, 
University College, London, etc. With numerous Illustrations. Cloth, $2.50 


HORWITZ’S Compend of Surgery, including Minor Surgery, Amputations, Frac- 
tures, Dislocations, Surgical Diseases, and the Latest Antiseptic Rules, etc., with 
Differential Diagnosis and Treatment. By ORVILLE HORWITZ, B.S., M.D., Pro- 
fessor of Genito-Urinary Diseases, late Demonstrator of Surgery, Jefferson Medi- 
cal College. Fifth Edition. Very much Enlarged and Rearranged. Over 300 
pages. 167 Illustrationsand 98 Formule. 12mo. Wo. 9 ? Quiz-Compend ? Series. 

: Cloth, .80. Interleaved for notes, $1.25 
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HOVELL. Diseases of the Ear and Naso-Pharynx. A Treatise including 
Anatomy and Physiology of the Organ, together with the treatment of the affec- 
tions of the Nose and Pharynx which conduce to aural disease. By T. MARK | 
HOVELL, F.R.C.S. (Edin.), M.R.c.S. (Eng.), Aural Surgeon to the London Hospital, 
for Diseases of the Throat, etc. 122 Illus. Second Edition. Preparing. 


HUMPHREY. A Manual for Nurses. Including general Anatomy and Physiology, 
management of the sick-room, etc. By LAURENCE HUMPHREY, M.A., M.B., 
M.R.C.S., Assistant Physician to, and Lecturer at, Addenbrook’s Hospital, Cam- 
bridge, England. Sixteenth Edition. 12mo, Illustrated. Cloth, $1.00 


HUGHES. Compend of the Practice of Medicine. Fifth Edition. Revised and 
Enlarged. By DANIEL E. HUGHES, M.D., Chief Resident Physician Philadelphia 
Hospital; formerly Demonstrator of Clinical Medicine at Jefferson Medical Col- 
lege, Philadelphia. Intwoparts, Being Nos. 2 and 3, ? Quiz-Compend? Series. 

Part I.—Continued, Eruptive and Periodical Fevers, Diseases of the Stomach, 
Intestines, Peritoneum, Biliary Passages, Liver, Kidneys, etc., and General 
Diseases, etc. 

Part II.—Diseases of the Respiratory System, Circulatory System and Ner- 
vous System ; Diseases of the Blood, etc. 

Price of each Part, in Cloth, .80; interleaved for the addition of Notes, $1.25 

Physicians’ Edition.—In one volume, including the above two parts, a sec- 

tion on Skin Diseases, and an index. /¢2/th revised, enlarged Edition. 


508 pages. Full Morocco, Gilt Edge, $2.25 
“ Carefully and systematically compiled.” — Zhe London Lancet. 


HUTCHINSON. The Nose and Throat. A Manual of the Diseases of the Nose 
and Throat, including the Nose, Naso-Pharynx, Pharynx and Larynx. By 
ProcTer S. HUTCHINSON, M.R.C.S., Ass’t Surgeon to the London Hospital for 
Diseases of the Throat. [Illustrated by Lithograph Plates and 4o other Illus., 
many of which have been made from original drawings. 12mo. 2d Ed. /u Press. 


IMPEY. A Handbook on Leprosy. By S. P. Impey, m.p., M.c., Late Chief and 
Medical Superintendent, Robben Island Leper and Lunatic Asylums, Cape Col- 
ony, South Africa. Illustrated by 37 Plates anda Map. Octavo. Cloth, $3.50 


IRELAND. The Mental Affections of Children. Idiocy, Imbecility, Insanity, 
etc. By W. W. IRELAND, M.D. (Edin.), of the Home and School for Imbeciles, 
Mavisbush, Scotland ; late Medical Supt. Scot. National Institute for Imbecile 
Children; Author of ‘‘ The Blot on the Brain,” etc. 300 pages. In Press, 


JACOBSON. Operations of Surgery. By W. H. A. Jacosson, B.A. (Oxon.), 
F.R.C.S., (Eng.); Ass’t Surgeon, Guy’s Hospital; Surgeon at Royal Hospital for 
Children and Women, etc. With over 200 Illust. Cloth, $3.00; Leather, $4.00 


Diseases of the Male Organs of Generation. 88 lllustrations. Cloth, $6.00 


JELLETT. The Practice of Midwifery. Embodying the Treatment adopted in 
the Rotunda Hospital, Dublin. By HENRY JELLETT, B.A., M.D., Assistant Master, 
Rotunda Hospital, with a Preface by W. J. SMYLY, M.D., F.R.c.P.1., Late Master, 
With many Illustrations and an Appendix containing Statistics of the Hospital. 
I2mo. Cloth, $1.75 


JONES. Medical Electricity. A Practical Handbook for Students and Prac- 
titioners of Medicine. By H. Lewis JONES, M.A., M.D., M.R.C.P., Medical Officer 
in Charge Electrical Department, St. Bartholomew’s Hospital. Second Edition 
of Steavenson and Jones’ Medical Electricity. Revised and Enlarged 112 Illus- 
trations. I2mo. Cloth, $2.50 


KEEN. Clinical Charts. A series of seven Outline Drawings of the Human Body, 
on which may be marked the course of any Disease, Fractures, Operations, etc. 
By W. W. KEEN, M.D., Professor of the Principles of Surgery and Clinical Sur- 
gery, Jeffcrson Medical College, Philadelphia. Put up in pads of 50, with 
explanations. Each pad, $1.00. Each Drawing may also be had separately 
gummed on back for pasting in case book. 25 to the pad. Price, 25 cents. 

*,* Special Charts will be printed to order. Samples free. 


16 P. BLAKISTON’S SON & COUS 


KIRKE’S Physiology. (z¢éh Authorized Edition. 12mo. Dark Red Cloth.) 
A Handbook of Physiology. Fourteenth London Edition, Revised and Enlarged. 
By W. D. HALLIBURTON, M.D., F.R.S., Professor of Physiology King’s College, 
London. Thoroughly Revised and in many parts Rewritten. 661 Illus., many 
of which are printed in Colors. 851 pages. 12mo. Cloth, $3.00; Leather, $3.75 
IMPORTANT NOTICE. This is the identical Fourteenth Edition of ‘‘ Kirke’s Physiology,”’ 
as published in London by John Murray, the sole owner of the book. 
It is the only edition containing the revisions and additions of Dr. Halliburton, and the new and 
original illustrations included at his suggestion. It is the edition of which the London Lancet 


speaks in its issue of October 17, 1896, as follows: ‘‘ The book as now presented to the student may 
be regarded as a thoroughly reliable exposition of the present state of physiological science.”’ 


KENWOOD. Public Health Laboratory Work. By H. R. KENwoop, M.B., 
D.P.H., F.C.S., Instructor in Hygienic Laboratory, University College, late Assistant 
Examiner in Hygiene, Science and Art Department, South Kensington, London, 

etc. With 116 Illustrations and 3 Plates. Cloth, $2.00 


KLEEN. Handbook of Massage. By Emit KLEEN, M.D., PH.D., Stockholm and 
Carlsbad. Authorized Translation from the Swedish, by EpwarD Mussey HART- 
WELL, M.D., PH.D., Director of Physical Training in the Public Schools of Boston. 
With an Introduction by Dr. S. WEIR MITCHELL, of Philadelphia. Illustrated 
with a series of Photographs made specially by Dr. KLEEN for the American 
Edition. 8vo. Cloth, $2.25 


LANDIS’ Compend of Obstetrics ; especially adapted to the Use of Students and 
Physicians. By HENRY G. LANDIS, M.D. Fifth Edition. Revised by Wm. H. 
WELLS, M.D., Ass’t Demonstrator of Clinical Obstetrics, Jefferson Medical College; 
Member Obstetrical Society of Philadelphia, etc. Enlarged. With Many Illus- 
trations. Vo. 5 ?Quiz-Compend ? Series. 

Cloth, .80; interleaved for the addition of Notes, $1.25 


LANDOIS. A Text-Book of Human Physiology ; including Histology and Micro- 
scopical Anatomy, with special reference to the requirements of Practical Medi- 
cine. By Dr. L. LANboIs, Professor of Physiology and Director of the Physio- 
logical Institute in the University of Greifswald. Fifth American, translated 
from the last German Edition, with additions, by WM. STIRLING, M.D., D.Sc., 
Brackenbury Professor of Physiology and Histology in Owen’s College, and Pro- 
fessor in Victoria University, Manchester ; Examiner in Physiology in University 
of Oxford, England. With 845 Illustrations, many of which are printed in 
Colors. 8vo. In Press. 


LAZARUS-BARLOW. General Pathology. By W. S. Lazarus-BARLow, M.D., 
Demonstrator of Pathology at the University of Cambridge, England. 
795 pages. Octavo. Cloth, $5.00 


LEE. The Microtomist’s Vade Mecum. Fourth Edition. A Handbook of 
Methods of Microscopic Anatomy. By ARTHUR BOLLES LEE, formerly Ass’t in 
the Russian Laboratory of Zoology, at Villefranche-sur-Mer (Nice). 887 Articles. 
Enlarged and Revised, and in many portions greatly extended. 8vo. Cloth, $4.00 


LEFFMANN’S Compend of Medical Chemistry, Inorganic and Organic. In- 
cluding Urine Analysis. By HENRY LEFFMANN, M.D., Prof. of Chemistry in 
the Woman’s Medical College in the Penna. College of Dental Surgery and 
in the Wagner Free Institute of Science, Philadelphia; Pathological Chemist 
Jefferson Medical College. Mo. zo ?Quiz-Compend? Series. Fourth Edition. 
Rewritten. Cloth, .80. Interleaved for the addition of Notes, $1.25 

The Coal-Tar Colors, with Special Reference to their Injurious Qualities and 
the Restrictions of their Use. A Translation of Theodore Weyl’s Mono- 
graph. 12mo. . Cloth, $1.25 

Progressive Exercises in Practical Chemistry. A Laboratory Handbook. 
Illustrated. Third Edition, Revised and Enlarged. 12mo. Cloth, $1.00 

Examination of Water for Sanitary and Technical Purposes. Third Edition. 
Enlarged. Illustrated. 1I2mo. Cloth, $1.25 

Analysis of Milk and Milk Products. Arranged to suit the needs of Analyt- 
ical Chemists, Dairymen, and Milk Inspectors. Second Edition, Revised 
and Enlarged, with Illustrations. 1I2mo. Cloth, $1.25 
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LEFFMANN. Handbook of Structural Formule for the Use of Students, con- 
taining 180 Structural and Stereo-chemic Formule. 12mo. Interleaved. 


Cloth, $1.00 


LEWERS. On the Diseases of Women. A Practical Treatise. By Dr. A. H. 
N. Lewers, Assistant Obstetric Physician to the London Hospital; and Phy- 
sician to Out-patients, Queen Charlotte’s Lying-in Hospital; Examiner in Mid- 
wifery and Diseases of Women to the Society of Apothecaries of London. With 
146 Engravings. Fifth Edition, Revised. Cloth, $2.50 


LINCOLN. School and Industrial Hygiene. By D. F.LincoLn,M.p. Cloth, .40 


LEWIS (BEVAN). Mental Diseases. A text-book having special reference to the 
Pathological aspects of Insanity. By BEVAN LEWIS, L.R.C.P., M.R.C.S., Medi- 
cal Director, West Riding Asylum, Wakefield, England. 18 Lithographic Plates 
and other Illustrations, Second Edition. 8vo. In Press. 


LIZARS (JOHN). On Tobacco. The Use and Abuse of Tobacco. Cloth, .40 


LONGLEY’S Pocket Medical Dictionary for Students and Physicians. Giving 
the Correct Definition and Pronunciation of all Words and Terms in General 
Use in Medicine and the Collateral Sciences, with an Appendix, containing 
Poisons and their Antidotes, Abbreviations Used in Prescriptions, and a Metric 
Scale of Doses. By Extras LONGLEY. Cloth, .75; Tucks and Pocket, $1.00 


MACALISTER’S Human Anatomy. 800 Illustrations. A New Text-book for 
Students and Practitioners. Systematic and Topographical, including the 
Embryology, Histology and Morphology of Man. With special reference to the 
requirements of Practical Surgery and Medicine. By ALEX. MACALISTER, M.D., 
F.R.S., Professor of Anatomy in the University of Cambridge, England. 816 Illus- 
trations. Octavo. Cloth, $5.00; Leather, $6.co 


MACDONALD’S Microscopical Examinations of Water and Air. With an Ap- 
pendix on the Microscopical Examination of Air. By J. D. MACDONALD, M.D. 
25 Lithographic Plates, Reference Tables, etc. Second Ed. 8vo. Cloth, $2.50 


MACKENZIE. The Pharmacopeia of the London Hospital for Diseases of 
the Throat. By Sir MorELL MACKENZIE, M.D. Fifth Edition. Revised and 
Improved by F. G. HARVEy, Surgeon to the Hospital. Cloth, $1.00 


MACREADY. A Treatise on Ruptures. By JonaTHAN F. C. H. Macreapy, 
F.R.C.S., Surgeon to the Great Northern Central Hospital; to the City of London 
Hospital for Diseases of the Chest; to the City of London Truss Society, etc. 
With 24 full-page Plates and numerous Wood-Engravings. Octavo. Cloth, $6.00 


MANN. Forensic Medicine and Toxicology. A Text-Book by J. Dixon Mann, 
M.D., F.R.C.P., Professor of Medical Jurisprudence and Toxicology in Owens Col- 
lege, Manchester; Examiner in Forensic Medicine in University of London, etc. 
Illustrated. Octavo, Cloth, $6.50 


MANN’S Manual of Psychological Medicine and Allied Nervous Diseases. Their 
Diagnosis, Pathology, Prognosis and Treatment, including their Medico-Legal 
Aspects ; with chapter on Expert Testimony, and an abstract of the laws relating 
to the Insane in all the States of the Union. By EDWARD C. MANN, M.D. 
With Illustrations. Octavo. Cloth, $3.00 


MARSHALL’S Physiological Diagrams, Life Size, Colored. Eleven Life-size 
- Diagrams (each 7 feet by 3 feet 7 inches). Designed for Demonstration before 
the Class. By JOHN MARSHALL, F.R.S., F.R.C.S., Professor of Anatomy to the 
Royal Academy ; Professor of Surgery, University College, London, etc. 
In Sheets, $40.00 Backed with Muslin and Mounted on Rollers, $60.00 
Ditto, Spring Rollers, in Handsome Walnut Wall Map Case (Send for 
Special Circular), : : ‘ : ‘ : . J : - $100.00 
Single Plates, Sheets, $5.00; Mounted, $7.50; Explanatory Key, 50 cents. 
No. 1—The Skeleton and Ligaments. No. 2—The Muscles and Joints, with 
Animal Mechanics. No. 3—The Viscera in Position. The Structure of the Lungs. 
No. 4—The Heart and Principal Blood-vessels. No. 5—The Lymphatics or Absorb- 
ents. No.6—The Digestive Organs. No. 7—The Brain and Nerves. Nos. 8 and g— 
The Organs of the Senses. Nos. 10 and 11—The Microscopic Structure of the 
Textures and Organs. (Send for Special Circular.) 
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MARSHALL. The Woman’s Medical College of Pennsylvania. An Historical 
Outline. By CLARA MARSHALL, M.D., Dean of the College. 8vo. Cloth, $1.50 


MASON’S Compend of Electricity, and its Medical and Surgical Uses. By 
CHARLES F. MASON, M.D., Assistant Surgeon U. S. Army. With an Intro- 
duction by CHARLES H. May, M.D., Instructor in the New York Polyclinic. 


Numerous Illustrations. 12mo. Cloth, .75 
MAXWELL. Terminologia Medica Polyglotta. By Dr. THEODORE MAXWELL, 
assisted by others in various countries. 8vo. Cloth, $3.00 


The object of this work is to assist the medical men of any nationality in reading medical literature written 
in a language not their own. Each term is usually given in seven languages, viz.: English, French, German, 
Italian, Spanish, Russian and Latin. 


MAYLARD. The Surgery of the Alimentary Canal. By ALFrep ERNEST 
MAYLARD, M.B., B.S., Senior Surgeon to the Victoria Infirmary, Glasgow. With 
27 Full-Page Plates and 117 other Illustrations. Octavo. Cloth, $7.50 


MAYS’ Theine in the Treatment of Neuralgia. By THomas J. Mays, M.D. 
16mo. ¥% bound, .50 


McBRIDE. Diseases of the Throat, Nose and Ear. A Clinical Manual for Stu- 
dents and Practitioners. By P. MCBRIDE, M.D., F.R.C.P. (Edin.), Surgeon to the 
Ear and Throat Department of the Royal Infirmary; Lecturer on Diseases of 
Throat and Ear, Edinburgh School of Medicine, etc. With Colored Illustrations 
from Original Drawings. 2d Edition. Octavo. Handsome Cloth, Gilt top, $6.00 


McNEILL. The Prevention of Epidemics and the Construction and Man- 
agement of Isolation Hospitals. By Dr. RoGeR MCNEILL, Medical Officer of 
Health for the County of Argyll. With numerous Plans and other Illustrations. 
Octavo. Cloth, $3.50 


MEIGS. Milk Analysis and Infant Feeding. A Treatise on the Examination of 
Human and Cows’ Milk, Cream, Condensed Milk, etc., and Directions as to the 
Diet of Young Infants. By ARTHUR V. MEIGS, M.D. I2mo. Cloth, .50 


MEMMINGER. Diagnosis by the Urine. The Practical Examination of Urine, 
with Special Reference to Diagnosis. By ALLARD MEMMINGER, M.D., Professor 
of Chemistry and of Hygiene in the Medical College of the State of S. C.; Visiting 
Physician in the City Hospital of Charleston, etc. 23 Illus. 12mo. Cloth, $1.00 


MONEY. OnChildren. Treatment of Disease in Children, including the Outlines 
of Diagnosis and the Chief Pathological Differences between Children and 
Adults. By ANGEL MONEY, M.D., M.R.C.P., Ass’t Physician to the Hospital for 
Sick Children, Great Ormond St., London. 2d Edition. 12mo. Cloth, $2.50 


MORRIS. Text-Book of Anatomy. 791 Illustrations, many in Colors. A com- 
plete Text-book. Edited by HENry MorrIs, F.R.c.s., Surg. to, and Lect, on 
Anatomy at, Middlesex Hospital, assisted by J. BLAND SUTTON, F.R.C.S., J. H. 
DavIES-COLLEY, F.R.C.S., WM. J. WALSHAM, F.R.C.S., H. St. JOHN BROOKS, M.D., 
R. Marcus GUNN, F.R.C.S., ARTHUR HENSMAN, F.R.C.S,, FREDERICK TREVES, 
F.R.C.S., WILLIAM ANDERSON, F.R.C.S., and Prof. W. H. A. JAcopson. One 
Handsome Octavo Volume, with 791 Illustrations, 214 of which are printed in 
colors. Cloth, $6.00; Leather, $7.co; Half Russia, $8.00 
‘Taken as a whole, we have no hesitation in according very high praise to this work. It 

will rank, we believe, with the leading Anatomies. ‘The illustrations are handsome and the 

printing is good.”—Boston Medical and Surgical Journal. 

«The work as a whole is filled with practical ideas, and the salient points of the subject 
are properly emphasized. The surgeon will be particularly edified by the section on the topo- 
graphical anatomy, which is full to repletion of excellent and useful illustrations.” — Zhe Medical 
Record, New York. 

Handsome circular, with sample pages and colored illustrations, and list of 
schools where it has been recommended, will be sent free to any address. 
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MORTON on Refraction of the Eye. Its Diagnosis and the Correction of its Errors. 
With Chapter on Keratoscopy, and Test Types. By A. MORTON, M.B. Sixth 
Edition, Revised and Enlarged. Cloth, $1.00 


MOULLIN. Surgery. Third Edition, by Hamilton. A Complete Text-book. 
By C. W. MANSELL MOULLIN, M.A., M.D. (Oxon.), F.R.C.S., Surgeon and Lec- 
turer on Physiology to the London Hospital; formerly Radcliffe Traveling 
Fellow and Fellow of Pembroke College, Oxford. Third American Edition. 
Revised and edited by JoHN B. HAMILTON, M.D., LL.D., Professor of the Principles 
of Surgery and Clinical Surgery, Rush Medical College, Chicago; Professor of 
Surgery, Chicago Polyclinic; Surgeon, formerly Supervising Surgeon-General, 
U. S. Marine Hospital Service; Surgeon to Presbyterian Hospital ; Consulting 
Surgeon to St. Joseph’s Hospital and Central Free Dispensary, Chicago, etc. 
600 Illustrations, over 200 of which are original, and many of which are printed 
in Colors. Royal Octavo. 1250 pages. 

Handsomely bound in Cloth, $6.00; Leather, $7.00; Half Russia, $8.00 

“ The aim to make this valuable treatise practical by giving special attention to questions of 
treatment has been admirably carried out. Many a reader will consult the work with a feeling 
of satisfaction that his wants have been understood, and that they have been intelligently met. 

He will not look in vain for details, without proper attention to which he well knows that the 

highest success is impossible.” — 7he American Journal of Medical Sciences. 

Handsome circular, with sample pages and colored illustrations, will be sent to 
any address upon application. 


Enlargement of the Prostate. Its Treatment and Radical Cure. Illus- 
trated. Second Edition. Octavo. Preparing. 


Inflammation of the Bladder and Urinary Fever. Octavo. Cloth, $1.50 


MURRELL. Massotherapeutics. Massage as a Mode of Treatment. By Wo. 
MURRELL, M.D., F.R.C.P., Lecturer on Pharmacology and Therapeutics at West- 


minster Hospital. Sixth Edition. Revised. 12mo. Preparing. 
What To Do in Cases of Poisoning. Seventh Edition, Enlarged and Re- 
vised. 64mo. Cloth, $1.00 


MUTER. Practical and Analytical Chemistry. By JoHN MUTER, F.R.S., F.C.S., 
etc. Fourth Edition. Revised, to meet the requirements of American Medical 
Colleges, by CLaupE C. HAMILTON, M.D., Professor of Analytical Chemistry 
in University Med. Col. and Kansas City Col. of Pharmacy. 51 Illus. Cloth, $1.25 


NAPHEYS’ Modern Therapeutics. Ninth Revised Edition, Enlarged and Im- 
proved, In Two Handsome Volumes. Edited by ALLEN J. SMITH, M.D., Pro- 
fessor of Pathology, University of Texas, Galveston, late Ass’t Demonstrator of 
Morbid Anatomy and Pathological Histology, Lecturer on Urinology, University 
of Pennsylvania; and J. AUBREY Davis, M.D., Ass’t Demonstrator of Obstetrics, 
University of Pennsylvania; Ass’t Physician to Home for Crippled Children, etc. 

Vou. I.—General Medicine and Diseases of Children. 
Handsome Cloth binding, $4.00 
Vot. I1.—General Surgery, Obstetrics, and Diseases of Women. 
Handsome Cloth binding, $4.00 


NEW SYDENHAM SOCIETY Publications. Three to Six Volumes published 


each year, List of Volumes upon application. Per annum, $8.00 


NOTTER and FIRTH. The Theory and Practice of Hygiene. A Complete 
Treatise by J. LANE NOTTER, M.A., M.D., F.C.S., Fellow and Member of Council 
of the Sanitary Institute of Great Britain ; Professor of Hygiene, Army Medical 
School; Examiner in Hygiene, University of Cambridge, etc., and R. H. FIRTH, 
F.R.C.S., Assistant Professor of Hygiene, Army Medical School, Netly. Illustrated 
by 10 Lithographic Plates and 135 other Illustrations, and including many Useful 
Tables. Octavo. 1034 pages. Cloth, $7.00 

*,* This volume is based upon Parkes’ Practical Hygiene, which will not be pub- 
lished hereafter. 
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OBERSTEINER. The Anatomy of the Central Nervous Organs. A Guide to the 
study of their structure in Health and Disease. By Professor H. OBERSTEINER, 
of the University of Vienna. Translated and Edited by ALEx. HILL, M.A., M.D., 
Master of Downing College, Cambridge. 198 Illustrations. 8vo. Cloth, $5.50 


OETTEL. Practical Exercises in Electro-Chemistry. By Dr. FELIx OETTEL. 
Authorized Translation by EpGar F. SmirH, M.A., Professor of Chemistry, 


University of Pennsylvania. Illustrated. Cloth, .75 
Introduction to Electro-Chemical Experiments. Illustrated. By same 
Author and Translator. Cloth, .75 


OHLEMANN. Ocular Therapeutics for Physicians and Students. By M. OHLE- 
MANN, M.D, ‘Translated and Edited by CHARLES A. OLIVER, A.M., M.D., Attend- 
ing Surgeon to Wills Eye Hospital, Ophthalmic Surgeon to the Philadelphia and 
to the Presbyterian Hospitals, Fellow of the College of Physicians of Phila- 
delphia, etc. In Press. 


ORMEROD. Diseases of Nervous System, Student’s Guideto. By J.A.ORMEROD, 
M.D. (Oxon.), F.R.C.P. (Lond.), Mem. Path., Clin., Ophth., and Neurol. Societies, 
Physician to National Hospital for Paralyzed and Epileptic and to City of London 
Hospital for Diseases of the Chest, Dem. of Morbid Anatomy, St. Bartholo- 
mew’s Hospital, etc. With 66 Wood Engravings. I2mo. Cloth, $1.00 


OSGOOD. The Winter and Its Dangers. By HAMILTON OsGooD, M.D. Cloth, .40 


OSLER. Cerebral Palsies of Children. A Clinical Study. By WILLIAM OSLER, | 
M.D., F.R.C.P. (Lond.), Professor of Medicine, Johns Hopkins University, etc. 
8vo. Cloth, $2.00 

Chorea and Choreiform Affections. 8vo. Cloth, $2.00 


OSTROM. Massage and the Original Swedish Movements, Their Application 
to Various Diseases of the Body. A Manual for Students, Nurses and Physicians. 
By Kurre W. Ostrom, from the Royal University of Upsala, Sweden; Instructor 
in Massage and Swedish Movements in the Hospital of the University of 
Pennsylvania, and in the Philadelphia Polyclinic and College for Graduates in 
Medicine, etc. Third Edition. Enlarged. Illustrated by 94 Wood Engrav- 
ings, many of which were drawn especially for this purpose. 12mo. Cloth, $1.00 


PACKARD’S Sea Air and Sea Bathing. By Joun H.PackarD,M.D. Cloth, .40 


PARKES’ Practical Hygiene. By Epwarp A. PARKES, M.D. Superseded by 
‘“‘Notter and Firth”’ Treatise on Hygiene. See previous page. 

PARKES. Hygiene and Public Health. A Practical Manual. By Louis C. 
PARKES, M.D., D.P.H. Lond. Univ., Lect. on Public Health at St. George’s Hos- 
pital, Medical Officer of Health, Parish of Chelsea, London, etc. Fifth Edition, 


Enlarged and Revised. _8o Illustrations. 12mo. Cloth, $2.50 
The Elements of Health. An Introduction to the Study of Hygiene. 
Illustrated. Cloth, $1.25 


PARRISH’S Alcoholic Inebriety. From a Medical Standpoint, with Illustrative 
Cases from the Clinical Records of the Author. By JOSEPH PARRISH, M.D., 
President of the Amer. Assoc. for Cure of Inebriates. _ Cloth, $1.00 


PEREIRA’S Prescription Book. Containing Lists of Terms, Phrases, Contrac- 
tions and Abbreviations used in Prescriptions, Explanatory Notes, Grammatical 
Construction of Prescriptions, Rules for the Pronunciation of Pharmaceutical 
Terms. By JONATHAN PEREIRA, M.D, Sixteenth Edition. Cloth, .75; Tucks $1.00 


PHILLIPS. Spectacles and Eyeglasses, Their Prescription and Adjustment. By 
R. J. PHILLIPS, M.D., Instructor on Diseases of the Eye, Philadelphia Polyclinic, 
Ophthalmic Surgeon, Presbyterian Hospital. Second Edition, Revised and 
Enlarged. 49 Illustrations. 12mo. Cloth, $1.00 
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PHYSICIAN'S VISITING LIST. Published Annually. Forty-seventh Year (1898) 


of,its Publication. 


Hereafter all styles will contain the interleaf or special memoranda page, except 
the Monthly Edition, and the sizes for 75 and Ico Patients will come in two volumes 
only. The Sale of this Visiting List increased over ten per cent. in 1896. 


REGULAR EDITION. 


For 25 Patients weekly. Tucks, pocket and pencil, Gilt Edges, $1.00 
50 ae “ec ae “oe ae oe “oe 1.25 
ae “ce Jan. to June “ce oe ce ce “e 
50 2 vols. {Jan Se, eg 2.00 
“ “ Jan. to June “ec a “ “ rT 
75 2 vols. + Jaly 4 Dadi 2.00 
« «“ Jan. to June} « «“ ite GaN, 
100 2 vols. +l > Dae. 2.25 


Perpetual Edition, without Dates and with Special Memorandum Pages. 

For 25 Patients, interleaved, tucks, pocket and pencil, j $1.25 

fe) “ce ai ae “ce ae “oe “ Z < J ti fe) 

Monthly Edition, without Dates. Can be commenced at any time and te 

until full. Requires only one writing of patient’s name for the whole month. 

Plain binding, without Flap or Pencil, .75. | Leather cover, Pocket and Pencil, $1.00 
EXTRA Pencils will be sent, postpaid, for 25 cents per half dozen. 


yas This List combines the several essential qualities of strength, compactness, 
durability and convenience. It is made in all sizes and styles to meet the wants of all 
physicians. It is not an elaborate, complicated system of keeping accounts, but a 
plain, simple record, that may be kept with the least expenditure of time and trouble— 
hence its popularity. A special circular, descriptive of contents will be sent upon 
application. 


POTTER. A Handbook of Materia Medica, Pharmacy, and Therapeutics, in- 
cluding the Action of Medicines, Special Therapeutics of Disease, Official and 
Practical Pharmacy, and Minute Directions for Prescription Writing, etc. In- 
cluding over 600 Prescriptions and Formule. By SAMUEL O. L. POTTER, M.A., 
M.D., M.R.C.P. (Lond.), Professor of the Principles and Practice of Medicine and 
Clinical Medicine in the College of Physicians and Surgeons, San Francisco; 
late A. A. Surgeon U. S. Army. Sixth Edition, Revised and Enlarged by 100 
Pages. 8vo. With Thumb Index in each copy. 

Cloth, $4.50; Leather, $5.50; Half Russia $6.50 

Compend of Anatomy, including Visceral Anatomy. Fifth Edition. Re- 

vised, and greatly Enlarged. With 16 Lithographed Plates and 117 other 
Illustrations. Being No. 1 ? Quiz-Compend ? Series. 

Cloth, .80; Interleaved for taking Notes, $1.25 


Compend of Materia Medica, Therapeutics and Prescription Writing, 
with special reference to the Physiological Action of Drugs. Sixth Revised 
and Improved Edition, with Index, based upon U.S. P. 1890. Being No. 
6 ? Quiz-Compend ? Series. Cloth, .80. Interleaved for taking Notes, $1.25 


Speech and Its Defects. Considered Physiologically, Pathologically and 
Remedially ; being the Lea Prize Thesis of Jefferson Medical College, 1882. 
Revised and Corrected. 12mo. Cloth, $1.00 


POWELL. Diseases of the Lungs and Pleura, Including Consumption. By 
R. DouGLas POWELL, M.D., F.R.C.P., Physician to the Middlesex Hospital, and 
Consulting Physician to the Hospital for Consumption and Diseases of the Chest 
at Brompton, Fourth Edition. With Colored Plates and Wood Engravings. 
8vo. Cloth, $4.00 


POWER. Surgical Diseases of Children and their Treatment by Modern 
Methods. By D’Arcy Power, M.A., F.R.C.S. (Eng.), Demonstrator of Operative 
Surgery, St. Bartholomew’s Hospital; Surgeon to the Victoria Hospital for 
Children. Illustrated. 12mo. Cloth, $2.50 
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PRESTON. Hysteria and Certain Allied Conditions, Their Nature and Treat- 
ment. With special reference to the application of the Rest Cure, Massage, 
Electro-therapy, Hypnotism, etc. By GEORGE J. PRESTON, M.D., Professor of 
Diseases of the Nervous System, College of Physicians and Surgeons, Balti- 
more; Visiting Physician to the City Hospital; Consulting Neurologist to Bay 
View Asylum and the Hebrew Hospital; Member American Neurological Asso- 
ciation, etc. With Illustrations. 12mo. Cloth, $2.00 


PRITCHARD. Handbook of Diseases of the Ear. By URBAN PRITCHARD, 
M.D., F.R.C.S., Professor of Aural Surgery, King’s College, London, Aural Sur- 
geon to King’s College Hospital, Senior Surgeon to the Royal Ear Hospital, etc. 
Third Edition, Enlarged. Many Illustrations and Formule. 12mo. Cloth, $1.50 


PROCTOR’S Practical Pharmacy. Lectures on Practical Pharmacy. With Wood 
Engravings and 32 Lithographic Fac-simile Prescriptions. By BARNARD S. 
Procror. Third Edition. Revised and with elaborate Tables of Chemical 
Solubilities, etc. Cloth, $3.co 


REESE'S Medical Jurisprudence and Toxicology. A Text-book for Medical and 
Legal Practitioners and Students. By JoHN J. REESE, M.D., Editor of Taylor's 
Jurisprudence, Professor of the Principles and Practice of Medical Jurisprudence, 
including Toxicology, in the University of Pennsylvania Medical Department. 
Fifth Edition. Revised and Edited by HENRY LEFFMANN, M.D., Pathological 
Chemist, Jefferson Medical College Hospital; Chemist, State Board of Health ; 
Professor of Chemistry, Woman’s Medical College of Penna., etc. I2mo. 645 


pages. Cloth, $3.00; Leather, $3.50 
‘To the student of medical jurisprudence and toxicology it is invaluable, as it is concise, 
clear, and thorough in every respect.” — 7he American Journal of the Medical Sciences. 


REEVES. Medical Microscopy. Illustrated. A Handbook for Physicians and 
Students, including Chapters on Bacteriology, Neoplasms, Urinary Examination, 
etc. By JAMEs E, REEVES, M.D., Ex-President American Public Health Associa- 
tion, Member Association American Physicians, etc. Numerous Illustrations, 
some of which are printed in colors. 12mo. Handsome Cloth, $2.50 


REGIS. Mental Medicine. A Practical Manual. By Dr. E. Réers, formerly 
Chief of Clinique of Mental Diseases, Faculty of Medicine of Paris; Physician 
of the Maison de Santé de Castel d’Andorte; Professor of Mental Diseases, 
Faculty of Medicine, Bordeaux, etc. With a Preface by M. BENJAMIN BALL, 
Clinical Professor of Mental Diseases, Faculty of Medicine, Paris. Authorized 
Translation from the Second Edition by H. M. BANNISTER, M.D., late Senior 
Assistant Physician, Illinois Eastern Hospital for the Insane, etc. With an In- 


troduction by the Author. I2mo. 692 pages. . Cloth, $2.00 
RICHARDSON. Long Life, and How to Reach It. By J. G. RicHarpson, Prof. 
of Hygiene, University of Pennsylvania. Cloth, .40 


RICHARDSON’S Mechanical Dentistry. A Practical Treatise on Mechanical 
Dentistry. By JOSEPH RICHARDSON, D.D.s. Seventh Edition, Thoroughly 
Revised and in many parts Rewritten by Dr, Geo. W. WARREN, Chief of the 
Clinical Staff, Pennsylvania College of Dental Surgery, Philadelphia. With 691 
Illustrations, many of which are from original Wood Engravings. Octavo. 
675 pages. Cloth, $5.00; Leather, $6.00; Half Russia, $7.00 


ROBERTS. Practice of Medicine. The Theory and Practice of Medicine. By 
FREDERICK ROBERTS, M.D., Professor of Therapeutics at University College, 
London. Ninth Edition, with Illustrations. 8vo. Cloth, $4.50; Leather, $5.50 


ROBERTS. Fractures of the Radius. A Clinical, Pathological, and Experimental 
Study. By JoHn B. RoBERTS, M.D., Professor of Anatomy and Surgery in the 
Philadelphia Polyclinic, etc. 33 Illustrations. 8vo. Cloth, $1.00 
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RICHTER’S Inorganic Chemistry. A Text-book for Students. By Prof. Vicror 
VON RICHTER, University of Breslau. Fourth American, from Sixth German 
Edition. Authorized Translation by EDGAR F. SMITH, M.A., PH.D., Prof. of 
Chemistry, University of Pennsylvania, Member of the Chemical Societies of 
Berlin and Paris. 8g Illustrations and a Colored Plate. 12mo. Cloth, $1.75 

Organic Chemistry. The Chemistry of the Carbon Compounds. Third 
American Edition, translated from the Last German by EpGar F. SMITH, 
M.A., PH.D., Professor of Chemistry, University of Pennsylvania. Illustrated. 
2vols. 12mo. Vol. I. Aliphatic Series. 600 pages. In Press. 

Vol. II. Aromatic Series. 600 pages. Preparing. 


ROBINSON. Latin Grammar of Pharmacy and Medicine. By D. H. Roztnson, 
PH.D., Professor of Latin Language and Literature, University of Kansas. Intro- 
duction by L. E. SAYRE, PH.G., Professor of Pharmacy in, and Dean of the Dept. 
of Pharmacy, University of Kansas. Third Edition. Revised with the help 
of Prof. L. E. Sayre, of University of Kansas, and Dr. CHARLES RICE, of the 
College of Pharmacy of the city of New York. 12mo. Cloth, $1.75 


ST. CLAIR. Medical Latin. Designed expressly for the Elementary Training 
of Medical Students. By W. T. Sr. Cvarr, Instructor in Latin in the Kentucky 
School of Medicine and in the Louisville Male High School. 12mo. Cloth, $1.00 


SANSOM. Diseases of The Heart, The Diagnosis and Pathology of Diseases of 
the Heart and Thoracic Aorta. By A. ERNEST SANSOM, M.D., F.R.C.P., Physician 
to the London Hospital, etc. With Illustrations. 8vo. Cloth, $6.00 


SAYRE. Organic Materia Medica and Pharmacognosy. An Introduction 
to the Study of the Vegetable Kingdom and the Vegetable and Animal Drugs. 
Comprising the Botanical and Physical Characteristics, Source, Constituents, and 
Pharmacopeceial Preparations. With Chapters on Synthetic Organic Remedies, 
Insects Injurious to Drugs, and Pharmacal Botany. By L. E. Sayre, PH.G., 
Professor of Pharmacy and Materia Medica in the University of Kansas, Mem- 
ber of the Committee of Revision of the U.S. Pharmacopeeia, 1890. A Glossary 
and 543 Illustrations. 8vo. Cloth, $4.00; Sheep, $5.00; Half Russia, $6.00 


SCHAMBERG. Compend of Diseases of the Skin. By Jay F. ScHamBerc, 
Associate in Skin Diseases, Philadelphia Polyclinic; Quiz-Master at University 
of Pennsy!vania. gg Illustrations. Cloth, .80. Interleaved, $1.25 


SCHREINER. Diet List. Arranged in the Form of a Chart on which Articles of 
Diet can be indicated for any Disease. By E. R. SCHREINER, M.D., Ass’t Dem. 
of Physiology, University of Penna. Put up in Pads of 50 with General Dietetic 
Directions on Wrapper. Per Pad, .75 


SCHULTZE. Obstetrical Diagrams, Being a Series of 20 Colored Lithograph 
Charts, imperial map size, of Pregnancy and Midwifery, with accompanying 
explanatory (German) text, illustrated by wood-cuts. By Dr. B. S. SCHULTZE, 
Professor of Obstetrics, University of Jena. Second Revised Edition. 

Price, in Sheets, $26.00; Mounted on Rollers, Muslin Backs, $36.00 


SCOVILLE. The Art of Compounding. A Text-book for Students and a Refer- 
ence Book for Pharmacists. By WILBUR L. SCOVILLE, PH.G., Professor of Ap- 
plied Pharmacy and Director of the Pharmaceutical Laboratory in the Massa- 
chusetts College of Pharmacy. Second Edition, Enlarged and Improved. 

Cloth, $2.50; Sheep, $3.50; Half Russia, $4.50 


SEWELL. Dental Surgery, including Special Anatomy and Surgery. By HENRY 
SEWELL, M.R.C.S., L.D.S., President Odontological Society of Great Britain. 3d 
Edition, greatly enlarged, with about 200 IIlustrations. Cloth, $2.00 


SHAWE. Notes for Visiting Nurses, and all those interested in the working and 
organization of District, Visiting, or Parochial Nurse Societies. By ROSALIND 
GILLETTE SHAWE, District Nurse for the Brooklyn Red Cross Society. With an 
Appendix explaining the organization and working of various Visiting and Dis- 
trict Nurse Societies, by HELEN C. JENKS, of Philadelphia. 12mo. Cloth, $1.00 
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SMITH. Abdominal Surgery. Being a Systematic Description of all the Princi- 
pal Operations. By J. GREIG SMITH, M.A., F.R.S.E., Surg. to British Royal In- 
firmary. 224 Illustrations. Sixth Edition. Enlarged and Thoroughly Revised 
by JAMES SwalIn, M.D. (Lond.), F.R.c.s., Professor of Surgery, University College, 
Bristol, etc. 2 Volumes. Octavo. Cloth, $10.00 


SMITH. Electro-Chemical Analysis. By Epcar F. Smiru, Professor of Chem- 
istry, University of Pennsylvania. Second Edition, Revised and Enlarged. 27 
Illustrations. I2mo. Cloth, $1.25 

** See also Oettel and Richter. 


SMITH AND KELLER. Experiments. Arranged for Students in General Chem- 
istry. By EpGaAR F. Smiru, Professor of Chemistry, University of Pennsylvania, 
and Dr. H. F. KELLER, Professor of Chemistry, Philadelphia High School. Third 
Edition. 8vo. Illustrated. Cloth, .60 


SMITH. Dental Metallurgy. A Manual. By Ernest A. Smitu, F.C.s., Asst. 
Instructor in Metallurgy Royal College of Science, London. Illustrated. 12mo. 
Cloth, $1.75 

STAMMER. Chemical Problems, with Explanations and Answers. By Karu 
STAMMER. ‘Translated from the Second German Edition, by Prof. W. S. Hos- 
KINSON, A.M., Wittenberg College, Springfield, Ohio. 1I2mo. Cloth. .50 


STARLING. Elements of Human Physiology. By Ernest H. STARLING, M.D. 
LOND., M.R.C.P., Joint Lecturer on Physiology at Guy’s Hospital, London, 
etc. With roo Illustrations. I2mo. 437 pages. Cloth, $1.00 


STARR. The Digestive Organs in Childhood. Second Edition. The Diseases 
of the Digestive Organs in Infancy and Childhood. With Chapters on the 
Investigation of Disease and the Management of Children. By Louis STARR, 
M.D., late Clinical Prof. of Diseases of Children in the Hospital of the University 
of Penn’a; Physician to the Children’s Hospital, Phila. Second Edition. 
Revised and Enlarged. Illustrated by two Colored Lithograph Plates and 
numerous Wood Engravings. Crown Octavo. Cloth, $2.00 


The Hygiene of the Nursery, including the General Regimen and Feed- 
ing of Infants and Children, and the Domestic Management of the Ordinary 
Emergencies of Early Life, Massage, etc. Sixth Edition. Enlarged. 25 
Illustrations. I2mo. 280 pages. Cloth, $1.00 


STEARNS. Lectures on Mental Diseases. By HENRY PUTNAM STEARNS, M.D., 
Physician Superintendent at the Hartford Retreat, Lecturer on Mental Diseases 
in Yale University, Member of the American Medico-Psychological Ass’n, Hon- 
orary Member of the British Medico-Pyschological Society. With a Digest of 
Laws of the Various States Relating to Care of Insane. Illustrated. 

Cloth, $2.75; Sheep, $3.25 

STEVENSON AND MURPHY. A Treatise on Hygiene. By Various Authors. 
Edited by THOMAS STEVENSON, M.D., F.R.C.P., Lecturer on Chemistry and Medi- 
cal Jurisprudence at Guy's Hospital, London, etc., and SHIRLEY F. MurRpPHY, 
Medical Officer of Health to the County of London. In Three Octavo Volumes, 


Vol. I. With Plates and Wood Engravings. Octavo. Cloth, $6.00 
Vol. II. With Plates and Wood Engravings. Octavo. Cloth, $6.00 
Vol. III. Sanitary Law. Octavo. Cloth, $5.00 
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STEWART’S Compend of Pharmacy. Based upon ‘ Remington’s Text-Book of 
Pharmacy.” By F. E. STEWART, M.D., PH.G., Quiz-Master in Chem. and Theoreti- 
cal Pharmacy, Phila. College of Pharmacy; Lect. in Pharmacology, Jefferson 
Medical College. Fifth Ed. Revised in accordance with U.S. P., 1890. Com- 
plete tables of Metric and English Weights and Measures. ? Quiz-Compend ? 
Series. Cloth, .80; Interleaved for the addition of notes, $1.25 


STIRLING. Outlines of Practical Physiology. Including Chemical and Experi- 
mental Physiology, with Special Reference to Practical Medicine. By W. STIR- 
LING, M.D., Sc.D., Professor of Physiology and Histology, Owens College, Victoria 
University, Manchester. Examiner in Physiology, Universities of Edinburgh 
and London. Third Edition. 289 Illustrations. Cloth, $2.00 
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STIRLING. Outlines of Practical Histology. 368 Illustrations. Second Edi- 
tion. Revised and Enlarged, with new lllustrations. 1I2mo. Cloth, $2.00 


STOHR. Text-Book of Histology, Including the Microscopical Technique. 
By Dr. Puitipp Stéur, University of Zurich. Authorized Translation by 
Emma L. BiLLSTEIN, M.D., Demonstrator of Histology and Embryology, 
Woman's Medical College of Pennsylvania. Edited, with Additions, by Dr. 
ALFRED SCHAPER, Demonstrator of Histology and Embryology, Harvard 
Medical School, Boston. Second Edition, Enlarged and Revised. 275 Illustra- 
tions. Octavo. Cloth, $3.00 


STRAHAN. Extra-Uterine Pregnancy. The Diagnosis and Treatment of Extra- 
Uterine Pregnancy. Being the Jenks Prize Essay of the College of Physicians 
of Philadelphia. By JoHN STRAHAN, M.D. (Univ. of Ireland), late Res. Surgeon 
Belfast Union Infirmary and Fever Hospital. Octavo. Cloth, .75 


SUTTON’S Volumetric Analysis. A Systematic Handbook for the Quantitative 
Estimation of Chemical Substances by Measure, Applied to Liquids, Solids and 
Gases. Adapted to the Requirements of Pure Chemical Research, Pathological 
Chemistry, Pharmacy, Metallurgy, Photography, etc., and for the Valuation of 
Substances Used in Commerce, Agriculture, and the Arts. By FRANCIS SUTTON, 
F.c.s. Seventh Edition, Revised and Enlarged, with 112 Illustrations. 8vo. 

Cloth, $4.50 


SWAIN. Surgical Emergencies, together with the Emergencies Attendant on 
Parturition and the Treatment of Poisoning. A Manual for the Use of Student, 
Practitioner, and Head Nurse. By WILLIAM PAUL SWAIN, F.R.C.S., Surgeon to 
the South Devon and East Cornwall Hospital, England. Fifth Edition. 12mo. 
149 Illustrations. Cloth, $1.75 


SWANZY. Diseases of the Eye and their Treatment. A Handbook for Physi- 
cians and Students. By HENRY R. SWANZY, A.M., M.B., F.R.C.S.I., Surgeon to 
the National Eye and Ear Infirmary ; Ophthalmic Surgeon to the Adelaide Hos- 
pital, Dublin. Sixth Edition, Thoroughly Revised and Enlarged. 158 Illus- 
trations, one Plain Plate, and a Zephyr Test Card. 12mo, Cloth, $3.co 
“ Is without doubt the most satisfactory manual we have upon diseases of the eye. It occu- 

pies the middle ground between the students’ manuals, which are too brief and concise, and the 

encyclopedic treatises, which are too extended and detailed to be of special use to the general 
practitioner.” — Chicago Medical Recorder. 


SYMONDS. Manual of Chemistry, for Medical Students. By BRANDRETH 
SYMONDS, A.M., M.D., Ass’t Physician Roosevelt Hospital, Out-Patient Department ; 
Attending Physician Northwestern Dispensary, New York. Second Edition. 


I2mo. Cloth, $2.00 
TAFT. Index of Dental Periodical Literature. By JoNATHAN TAFT, D.D.S. 
8vo. Cloth, $2.00 


TALBOT. Irregularities of the Teeth, and Their Treatment. By EvGENE S. 
TALBOT, M.D., Professor of Dental Surgery Woman’s Medical College, and 
Lecturer on Dental Pathology in Rush Medical College, Chicago. Second Edi- 
tion, Revised. Octavo. 234 Illustrations. 261 pages. Cloth, $3.00 


TANNER’S Memoranda of Poisons and their Antidotes and Tests. By THos. 
HAWKES TANNER, M.D., F.R.C.P. 7th American, from the Last London Edition, 
Revised by JOHN J. REESE, M.D., Professor Medical Jurisprudence and Toxi- 
cology in the University of Pennsylvania. 12mo. Cloth, .75 


TAYLOR. Practice of Medicine. A Manual. By FREDERICK TAYLOR, M.D., 
Physician to, and Lecturer on Medicine at, Guy’s Hospital, London ; Physician to 
Evelina Hospital for Sick Children, and Examiner in Materia Medica and Phar- 
maceutical Chemistry, University of London. Cloth, $2.00; Sheep, $2.50 
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TAYLOR AND WELLS. Diseases of Children. A Manual for Students and 
Physicians. By JOHN MApISsoN TAYLOR, A.B., M.D., Professor of Diseases of 
Children, Philadelphia Polyclinic; Assistant Physician to the Children’s Hospi- 
tal and to the Orthopedic Hospital; Consulting Physician to the Elwyn and the 
Vineland Training Schools for Feeble-Minded Children; Neurologist to the 
Howard Hospital, etc.; and WILLIAM H. WELLS, m.D., Adjunct-Professor of 
Obstetrics and Diseases of Infancy in the Philadelphia Polyclinic; late Assistant 
Demonstrator of Clinical Obstetrics and Diseases of Infancy in Jefferson Medi- 
cal College. With 8 Platesand numerous other Illustrations. 12mo. 746 pages. 

Cloth, $4.00 


PROPOSED CONTENTS AND ARRANGEMENT.—I. Clinical Investigation. II and 
III. Hygiene and Diet. IV. Care of Children of Feeble Resistance, including Sys- 
tematic Developmental Methods. V. Diseases Occurring At or Near Birth. VI. 
Acute Infectious Diseases. VII. General Diseases, Tuberculosis, Syphilis, Malaria, 
Rachitis, Rheumatism, etc. VIII. Diseases of Digestive Organs, including Parasites. 
IX. Diseases of the Liver, Cecum, and Appendix. X. Diseases of the Peritoneum, 
Intestinal Malformations and Obstructions. XI. Diseases of the Respiratory Organs. 
XII. Diseases of the Heart. XIII. Diseases of the Blood and Blood-making Organs. 
XIV. Nervous Diseases (including Diabetes). XV. Diseases of the Nose, Pharynx, 
and Naso-Pharynx. XVI. Genito-Urinary Diseases. XVII. Diseases of Degeneracy, 
Thyroid Thymus Glands, Dwarfs and Dwarfing, Cretins, Leprosy, Idiocy, Feeble- 
mindedness, and Insanity, etc. XVIII. Diseases of the Skin. XIX. Injuries and 
Shock. XX. Emergencies—Medical and Surgical. XXI. Diseases of the Bones and 
Joints. XXII. Curvatures of the Spine. XXIII. Pott’s Disease. XXIV. Tumors. 


TEMPERATURE Charts for Recording Temperature, Respiration, Pulse, Day of 
Disease, Date, Age, Sex, Occupation, Name, etc. Put up in pads; each .50 


THOMPSON. Urinary Organs. Diseases of the Urinary Organs. Containing 32 
Lectures. By Sir HENRY THOMPSON, F.R.C.S., Emeritus Professor of Clinical Sur- 
gery in University College. Eighth London Edition. 121 Illustrations. Octavo. 
470 pages. Cloth, $3.00 


THORINGTON. Retinoscopy (The Shadow Test) in the Determination of 
Refraction at One Metre Distance with the Plane Mirror. By JAMES THORING- 
TON, M.D., Adjunct Professor of Diseases of the Eye in the Philadelphia Poly- 
clinic ; Ophthalmologist to the Vineland Training School and to the M. E, 
Orphanage; Lecturer on the Anatomy, Physiology, and Care of the Eyes in the 
Philadelphia Manual Training Schools, etc. With 38 Illustrations, several of 
which are Colored. Second Edition, Enlarged. 12mo. Cloth, $1.00 


TOMES’ Dental Anatomy. A Manual of Dental Anatomy, Human and Compara- 
tive. By C.S. TOMES, D.D.S. 263 Illustrations. 5th Ed. 12mo. Cloth, $4.co 


Dental Surgery. A System of Dental Surgery. By JoHN Tomes, F.R.S. 
Fourth Edition, Thoroughly Revised. By C. S. TomEs, p.p.s. With 289 


Illustrations. I2mo. 717 pages. Cloth, $4.00 
TREVES. German-English Medical Dictionary. By FREDERICK TREVES, F.R.C.S., 
assisted by Dr. HuGo LANG, B.A. (Munich). 12mo, ¥% Russia, $3.25 
Physical Education, Its Effects, Value, Methods, ete. Cloth, .75 


TUKE. Dictionary of Psychological Medicine. Giving the Definition, Ety- 
mology, and Synonyms of the Terms used in Medical Psychology, with the 
Symptoms, Pathology, and Treatment of the recognized forms of Mental Dis- 
orders, together with the Law of Lunacy in Great Britain and Ireland. Edited by 
D. HACK TUKE, M.D., LL.D., Examiner in Mental Physiology in the University 


of London. Two Volumes, Octavo. 1477 pages. Cloth, $10.00 
‘*This is an elaborate and valuable contribution to the literature of medical psychology, and 
will be found a valuable work of reference. . . . A comprehensive standard book.’’— Zhe 


British Medical Journal. 
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TURNBULL’S Artificial Anesthesia. A Manual of Anesthetic Agents in the 
Treatment of Diseases also their Employment in Dental Surgery ; Modes of Ad- 
ministration ; Considering their Relative Risks; Tests of Purity ; Treatment of 
Asphyxia ; Spasms of the Glottis; Syncope, etc. By LAURENCE TURNBULL, M.D., 
PH.G., Aural Surgeon to Jefferson College Hospital, etc. Fourth Edition, Re- 
vised and Enlarged. 54 Illustrations. 12mo. Cloth, $2.50 


TUSON. Veterinary Pharmacopeia, including the outlines of Materia Medica 
and Therapeutics. By RICHARD V. TusoN, late Professor at the Royal Veter- 
inary College. Fifth Edition. Revised and Edited by JAmEs BayNgE, F.C.S., 
Professor of Chemistry and Toxicology at the Royal Veterinary College. 12mo. 

Cloth, $2.25 


TUSSEY. High Altitude Treatment for Consumption. The Principles or 
Guides fora Better Selection or Classification of Consumptives Amenable to 
High Altitude Treatment, and to the Selection of Patients who may be More 
Successfully Treated in the Environment to which They were Accustomed 
Previous to Their Illness. By A. EpGAR TusseEy, M.D., Adjunct Professor of 
Diseases of the Chest in the Philadelphia Polyclinic and School for Graduates 
in Medicine, etc. 1I2mo. Cloth, $1.50 


-TYSON. The Practice of Medicine. A Text-Book for Physicians and Students, 


with Special Reference to Diagnosis and Treatment. By JAMES TYSON, M.D., 

Professor of Clinical Medicine in the University of Pennsylvania, Physician to 

the University and to the Philadelphia Hospitals, etc. Illustrated. 8vo. /ust 

Ready. Cloth, $5.50; Leather, $6.50; Half Russia, $7.50 

** Few teachers in the country can claim a longer apprenticeship in the laboratory and at 
the bedside, none a more intimate acquaintance with students, since in one capacity or another 
he has been associated with the University of Pennsylvania and the Philadelphia Hospital for 
nearly thirty years. Moreover, he entered medicine through the portal of pathology, a decided 
advantage in the writer of a text-book. . . . The typography is decidedly above works of 
this class issued from our publishing houses. There is no American Practice of the same attrac- 
tive appearance. The print is unusually sharp and clear, and the quality of the paper particu- 
larlygood. . . . Itisa piece of good, honest work, carefully conceived and conscientiously 
carried out.’’— University Medical Magazine. 
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Guide to the Examination of Urine. Ninth Edition. For the Use of 
Physicians and Students. With Colored Plate and Numerous Illustrations 
Engraved on Wood. Ninth Edition. Revised. 12mo. 276pages. Cloth, $1.25 

*,* A French translation of this book has just appeared in Paris. 


Handbook of Physical Diagnosis. 3d Edition. Revised and Enlarged. 
With Colored and other Illustrations. 12mo. 278 pages. Cloth, $1.50 


Cell Doctrine. Its History and Present State. Second Edition. Cloth, $1.50 


UNITED STATES PHARMACOPGIA. 1890. Seventh Decennial Revision. 
Cloth, $2.50 (Postpaid, $2.77); Sheep, $3.00 (Postpaid, $3.27); Interleaved, 
$4.00 (Postpaid, $4.50); printed on one side of page only. Unbound, $3.50 (Post- 
paid, $3.90). : 

Select Tables from the U.S. P. (1890), Being Nine of the Most Important 
and Useful Tables, printed on Separate Sheets. Carefully put up in Patent 
Envelope. 25 


VAN HARLINGEN on Skin Diseases. A Practical Manual of Diagnosis and 
Treatment with special reference to Differential Diagnosis. By ARTHUR VAN 
HARLINGEN, M.D., Professor of Diseases of the Skin in the Philadelphia Poly- 
clinic; Clinical Lecturer on Dermatology at Jefferson Medical College. Third 
Edition. Revised and Enlarged. With Formule and Illustrations, several being 

_in Colors. 580 pages. Cloth, $2.75 

“As would naturally be expected from the author, his views are sound, his information 

extensive, and in matters of practical detail the hand of the experienced physician is everywhere 
visible.” — The Medical News. 
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VAN NUYS on The Urine. Chemical Analysis of Healthy and Diseased Urine, 
Qualitative and Quantitative. By T. C. Van Noys, Professor of Chemistry 
Indiana University. 39 Illustrations. Octavo. Cloth, $1.00 


VIRCHOW’S Post-mortem Examinations. A Description and Explanation of the 
Method of Performing them in the Dead-House of the Berlin Charité Hospital, 
with especial reference to Medico-legal Practice. By Prof. ViIRcHow. Trans- 
lated by Dr. T. P.Smiru. Illustrated. Third Edition, with Additions. Cloth, .75 


VOSWINKEL. Surgical Nursing. A Manual for Nurses. By Bertua M. Vos- 
WINKEL, Graduate Episcopal Hospital, Philadelphia; Nurse in Charge Children’s 
Hospital, Columbus, O. 111 Illustrations. 12mo. 168 pages. Cloth, $1.00 


WALKER. Students’ Aid in Ophthalmology. By GerrrupE A. WALKER, 
A.B., M.D., Clinical Instructor in Diseases of the Eye at Woman’s Medical 
College of Pennsylvania. 40 Illustrations and Colored Plate. 12mo. Cloth, $1.50 


WALSHAM. Surgery; its Theory and Practice. For Students and Physicians. 
By Ws. J. WALSHAM, M.D., F.R.C.S., Senior Asst Surg. to, and Dem. of Practi- 
cal Surg. in, St. Bartholomew’s Hospital, Surg. to Metropolitan Free Hospital, 
London. Fifth Edition, Revised and Enlarged. With 380 Engravings. 815 
pages. Cloth, $2.00; Leather, $2.50 


WARD. Notes on Massage; Including Elementary Anatomy and Physiology. 
By Jessie M. WarD, Instructor in Massage in the Pennsylvania, Philadelphia, 
Jefferson, and Woman’s Hospitals; Clinical Lecturer at Philadelphia Polyclinic, 
etc. 1I2mo. Interleaved. Paper Cover, $1.00 


WARING. Practical Therapeutics. A Manual for Physicians and Students. By 
EDWARD J. WARING, M.D. Fourth Edition. Revised, Rewritten, and Rearranged. 
Crown Octavo. Cloth, $2.00; Leather, $3.00 


WARREN. Compend Dental Pathology and Dental Medicine. Containing all 
the most noteworthy points of interest to the Dental Student and a Chapter 
on Emergencies. By GEO. W. WARREN, D.D.S., Clinical Chief, Penn’a College 
of Dental Surgery, Phila. Third Edition, Enlarged. Illustrated. Bezug Wo. 


13 ? Quiz-Compend ? Series. 12mo. Cloth, .80 
Interleaved for the addition of Notes, $1.25 

Dental Prosthesis and Metallurgy. 12g Illustrations. Cloth, $1.25 
WATSON on Amputations of the Extremities and Their Complications. By 
B. A. WATSON, M.D. 250 Illustrations. Cloth, $5.50 
Concussions. An Experimental Study of Lesions arising from Severe Con- 
cussions. 8vo. Paper cover, $1.00 


WELLS. Compend of Gynecology. By Wm. H. WELLS, m.p., Assistant Demon- 
strator of Obstetrics, Jefferson Medical College, Philadelphia; Fellow of the 
College of Physicians of Philadelphia. 150 Illustrations. ? Qudz-Compend? Series 
No.7. 12mo. Cloth, .80; Interleaved for Notes, $1.25 

WESTLAND. The Wife and Mother. A Handbook for Mothers. By A. 
WESTLAND, M.D., late Resident Physician, Aberdeen Royal Infirmary, Clo. $1.50 

WETHERED. Medical Microscopy. A Guide to the Use of the Microscope in 
Practical Medicine. By FRANK J. WETHERED, M.D., M.R.C.P., Demonstrator of 
Practical Medicine, Middlesex Hospital Medical School; Assistant Physician, 
late Pathologist, City of London Hospital for Diseases of Chest, etc. With a 
Colored Plate and ror Illustrations. 406 Pages. 12mo. Cloth, $2.00 


WEYL. Sanitary Relations of the Coal-Tar Colors. By THEoporRE WEYL. 
Authorized Translation by HENRY LEFFMANN, M.D., PH.D. I2mo0. 154 pages. 
Cloth, $1.25 

WHITACRE. Laboratory Text-Book of Pathology. By Horace J. WHITACRE, 
M.D., Demonstrator of Pathology, Medical College of Ohio, Cincinnati. Illus- 
trated with 121 original Illustrations. 8vo. Cloth, $1.50 


WHITE. The Mouth and Teeth. By J. W. Waite, M.p., pD.D.s. Cloth, .40 
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WHITE AND WILCOX. Materia Medica, Pharmacy, Pharmacology, and 
Therapeutics. A Handbook for Students. By W. HALE WHITE, M.D., F.R.C.P., 
etc., Physician to and Lecturer on Materia Medica and Therapeutics, Guy’s Hos- 
pital; Examiner in Materia Medica to the Conjoint Board, etc. Third American 
Edition. Revised by REYNOLD W. WILCOX, M.A., M.D., LL.D., Professor of Clin- 
ical Medicine and Therapeutics at the New York Post-Graduate Medical School 
and Hospital; Visiting Physician St. Mark’s Hospital; Assistant Visiting Physi- 
cian Bellevue Hospital. Third Edition, thoroughly Revised. 12mo. 

Cloth, $2.75; Leather, $3.25 

WILSON. Handbook of Hygiene and Sanitary Science. By GEORGE WILSON, 
M.A., M.D., F.R.S.E., Medical Officer of Health for Mid-Warwickshire, England. 
With Illustrations. Eighth Edition. 12mo. Preparing. 


WILSON. The Summer and its Diseases. By James C. WILSON, M.D., Prof. of the 
Practice of Med. and Clinical Medicine, Jefferson Med. Coll., Phila. Cloth, .40 


WILSON. System of Human Anatomy. 11th Revised Edition. Edited by HENRY 
EDWARD CLARK, M.D.,M.R.C.S. 492 Illustrations, 26 Colored Plates, and a 
Glossary of Terms. Thick 12mo. Cloth, $5.00 


WINCKEL. Text-Book of Obstetrics; Including the Pathology and Therapeutics 
of the Puerperal State. By Dr. F. WINCKEL, Professor of Gynecology and 
Director of the Royal University Clinic for Women in Munich. Authorized 
Translation by J. CLIFron EpGarR, A.M., M.D., Adjunct Professor to the Chair of 
Obstetrics, Medical Department, University City of New York. With nearly 200 
Handsome Illustrations, the majority of which are original with this work. Octavo. 

Cloth, $5.00; Leather, $6.00 


WINDLE. Surface Anatomy and Landmarks. By B. C. A. WinDLE, D.Sc.,M.D., 
Professor of Anatomy in Mason College, Birmingham, etc. Second Edition, 
Revised by T. MANNERS SMITH, M.R.C.S., with Colored and other Illustrations. 
izmo. Cloth, $1.00 


WOAKES. Deafness, Giddiness, and Noises in the Head. By Epwarp 
WOAKES, M.D., Senior Aural Surgeon, London Hospital; assisted by CLaup 
WOAKES, M.R.C.S., Assistant Surgeon to the London Throat Hospital. Fourth 


Edition. Illustrated. 12mo. Cloth, $2.00 
WOOD. Brain Work and Overwork. By Prof. H. C. Woop, Clinical Professor 
of Nervous Diseases, University of Pennsylvania. 12mo. Cloth, .40 


WOODY. Essentials of Chemistry and Urinalysis. By Sam E. Woopy, a.o., 
M.D., Professor of Chemistry and Public Hygiene, and Clinical Lecturer on 
Diseases of Children, in the Kentucky School of Medicine. Fourth Edition. 
Illustrated. 12mo. In Press. 


WYTHE. Dose and Symptom Book. The Physician’s Pocket Dose and Symptom 
Book. Containing the Doses and Uses of all the Principal Articles of the 
Materia Medica, and Officinal Preparations. By JoszEpH H. WYTHE, A.M., M.D. 
17th Edition, Revised. Cloth, .75; Leather, with Tucks and Pocket, $1.00 


YEO. Manual of Physiology. Sixth Edition, A Text-book for Students of 
Medicine. By GERALD F. YEO., M.D., F.R.C.S., Professor of Physiology in King’s 
College, London. Sixth Edition; revised and enlarged by the author. With 
254 Wood Engravings and a Glossary. Crown Octavo. 

Cloth, $2.50; Leather, $3.00 


From the Southern Clinic. 


‘* We know of no series of books issued by any house that so fully meets our approval as these 
? Quiz-Compends?. They are well arranged, full, and concise, and are really the best line of text- 
books that could be found for either student or practitioner.”’ 


BLAKISTON’S ? QUIZ-COMPENDS ? 


The Best Series of Manuals for the Use of Students. 
Price of each, Cloth, .80. Interleaved for taking Notes, $1.25. 
pegs These Compends are based on the most popular text-books and the lectures of promi- 
nent professors, and are kept constantly revised, so that they may thoroughly represent the 
present state of the subjects upon which they treat. The authors have had large experience as 
Quiz- Masters and attachés of colleges, and are well acquainted with the wants of students. They 
are arranged in the most approved form, thorough and concise, containing over 600 fine illustra- 
tions, inserted wherever they could be used to advantage. Can be used by students of any 
college, and contain information nowhere.else collected in such a condensed, practical shape. 


ILLUSTRATED CIRCULAR FREE. 

No.1. HUMAN ANATOMY. Fifth Revised and Enlarged Edition. Including Vis- 
ceral Anatomy. Can be used with either Morris’s or Gray’s Anatomy. 117 Illustrations 
and 16 Lithographic Plates of Nerves and Arteries, with Explanatory Tables, etc. By 
SAMUEL O, L. PoTTER, M.D., Professor of the Practice of Medicine, College of Physicians 
and Surgeons, San Francisco; late A. A. Surgeon, U. S. Army. 

No.2. PRACTICE OF MEDICINE. PartI. Fifth Edition, Revised, Enlarged, and 
Improved. By DAn’L E. HuGHEs, M.D., Physician-in Chief, Philadelphia Hospital, late 
Demonstrator of Clinical Medicine, Jefferson Medical College, Philadelphia. 

No. 3. PRACTICE OF MEDICINE. Part II. Fifth Edition, Revised, Enlarged, and 
Improved. Same author as No. 2. 

No.4. PHYSIOLOGY. Eighth Edition, with new [Illustrations and a table of Physio- 
logical Constants. Enlarged and Revised. By A. P. BRUBAKER, M.D., Professor of 
Physiology and General Pathology in the Pennsylvania College of Dental Surgery; Demon- 
strator of Physiology, Jefferson Medical College, Philadelphia. 

No.5. OBSTETRICS. Fifth Edition. By Henry G. LANDIs, M.D, Revised and Edited 
by Wa. H. WELLs, M.D., Assistant Demonstrator of Obstetrics, Jefferson Medical College, 
Philadelphia. Enlarged. 47 Illustrations. 

No. 6. MATERIA MEDICA, THERAPEUTICS, AND PRESCRIPTION 
WRITING. Sixth Revised Edition (U.S. P,1890). By Samuet O. L. PorTER, M.D., 
Professor of the Practice of Medicine, College of Physicians and Surgeons, San Francisco, 

No.7. GYNECOLOGY. A New Book. By Wm. H. WELLS, M.D., Assistant Demon- 
strator of Obstetrics, Jefferson Medical College, Philadelphia. 150 Illustrations. 

No.8. DISEASES OF THE EYE AND REFRACTION. A New Book. Includ- 
ing Treatment and Surgery and a Section on Local Therapeutics. By Georcr M. GouLp, 
M.D., and W. L. PYLE, M.p. With Formule, Glossary, several useful Tables, and 111 
Illustrations, several of which are colored. 

No.9. SURGERY, Minor Surgery, and Bandaging. Fifth Edition, Enlarged and Im- 
proved, By OrviILLe HorwitZz, B.s., M.D., Clinical Professor of Genito-Urinary Surgery 
and Venereal Diseases in Jefferson Medical College; Surgeon to Philadelphia Hospital, etc. 
With 98 Formule and 71 Illustrations. 

No. 10. MEDICAL CHEMISTRY. Fourth Edition. Including Urinalysis, Animal 
Chemistry, Chemistry of Milk, Blood, Tissues, the Secretions, etc. By HENRY LEFFMANN, 
M.D., Professor of Chemistry in Pennsylvania College of Dental Surgery and in the 
Woman’s Medical College, Philadelphia. 

No. 11. PHARMACY. Fifth Edition. Based upon Prof. Remington’s Text-Book of Phar- 
macy. By F. E. STEWART, M.D., PH.G., late Quiz-Master in Pharmacy and Chemistry, 
Philadelphia College of Pharmacy; Lecturer at Jefferson Medical College. 

No, 12. VETERINARY ANATOMY AND PHYSIOLOGY. Illustrated. By 
Wo. R. BALLOU, M.D., Professor of Equine Anatomy at New York College of Veterinary 
Surgeons; Physician to Bellevue Dispensary, etc. With 29 graphic Illustrations. 

No. 13. DENTAL PATHOLOGY AND DENTAL MEDICINE. Second Edition, 
Illustrated. Containing all the most noteworthy points of interest to the Dental Student and 
a Section on Emergencies. By Gro. W. WARREN, D.D.S., Chief of Clinical Staff, Pennsyl- 
vania College of Dental Surgery, Philadelphia. 


No. 14, DISEASES OF CHILDREN. Colored Plate. By Marcus P. HATFIELD, - 


Professor of Diseases of Children, Chicago Medical College. Second Edition, Enlarged. 


No. 15. GENERAL PATHOLOGY AND MORBID ANATOMY. or Iilustra- 
tions. By H. Newberry HALL, PH.G., M.D., Professor of Pathology and Medical Chem- 
istry, Chicago Post-Graduate Medical School. 

No. 16. DISEASES OF THE SKIN. By Jay F. ScHAMBERG, M.D., Instructor at 
Philadelphia Polyclinic. 99 Illustrations. 


Price, each, strongly bound in cloth, .80. Interleaved for taking Notes, $1.25. 


PUBLISHED ANNUALLY FOR 47 YEARS. 


THE PHYSICIAN’S VISITING LIST. 


(LINDSAY & BLAKISTON’S.) 


Special Improved Edition for 1898. 


In order to improve and simplify this Visiting List we have done away with the two 
styles hitherto known as the *‘ 25 and 50 Patients plain.’? We have allowed more space 
for writing the names, and added to the special memoranda page a column for the 
«“‘Amount’’ of the weekly visits and a column for the ‘‘ Ledger Page.’’ To do this with- 
out increasing the bulk or the price, we have condensed the reading matter in the front 
of the book and rearranged and simplified the memoranda pages, etc., at the back. 

The Lists for 75 Patients and 100 Patients will also have special memoranda page as 
above, and hereafter will come in two volumes only, dated January to June, and July to 
December. While this makes a book better suited to the pocket, the chief advantage is 
that it does away with the risk of losing the accounts of a whole year should the book 
be mislaid. 

The changes and improvements made in 1896 met with such general 
favor that the sale increased more than ten per cent. over the previous 
year. 

CONTENTS. 


| PRELIMINARY MATTER.—Calendar, 1896-1897—Table of Signs, to be used in keeping records— 
) The Metric or French Decimal System of Weights and Measures—Table for Converting Apothecaries’ 
Weights and Measures into Grams—Dose Table, giving the doses of official and unofficial drugs in both 
the English and Metric Systems—Asphyxia and Apnea—Complete Table for Calculating the Period of 
Utero-Gestation—Comparison of Thermometers. 

VISITING LIST.—Ruled and dated pages for 25, 50, 75, and 100 patients per day or week, with blank page 
opposite each on which is an amount column, column for ledger page, and space for special memoranda, 
SPECIAL RECORDS for Obstetric Engagements, Deaths, Births, etc., with special pages for Addresses 
of Patients, Nurses, etc., Accounts Due, Cash Account, and General Memoranda. 


SIZES AND PRICES. 
REGULAR EDITION, as Described Above. 
BOUND IN STRONG LEATHER COVERS, WITH POCKET AND PENCIL. 
For 25 Patients weekly, with \ Special, Memornpds Page, SEO Rey eine Pane: OEE ae rn Se eee $1 00 


2 eu itiene. “sila dconmanaacnee ly Wicte te) a 48 Ua ge ele 1 
50 “ “ “ “« 6 2 vols. { eas se fi Se a AE he, 
pe AP Maeno eee ee es 2 00 
100 “ «& “ “ «¢:') 2-¥ols, { bea esate S Sieeiny Sarre ns 225 


PERPETUAL EDITION, without Dates. 
No. 1. Containing space for over 1300 names, with blank page opposite each Visiting List page. 


Bound in Red Leather cover, with Pocket and Pencil,. . ... 2... 2s es eee 1.25 

No. 2. Same as No. 1. Containing space for 2600 names, with blank page opposite,. ..... . I 50 
MONTHLY EDITION, without Dates. 

o. 1. Bound, Seal leather, without Flap or Pencil, giltedges, . . . . 2. 2 2 ee ee ee ee 75 

Yo. 2. Bound, Seal leather, with Tucks, Pencil, etc., giltedges,. . 2. 2 2 5 6 ee eee we ee I 00 


§@s~ All these prices are net. No discount can be allowed retail purchasers. 


Circular and sample pages upon application. 


P. BLAKISTON’S SON & CO., PUBLISHERS, PHILADELPHIA. 


JUST PUBLISHED. 


Hemmeter. Diseases of the Stomach. Colored 


Illustrations. 


THEIR SPECIAL PATHOLOGY, DIAGNOSIS, AND TREATMENT. With Sections 
on Anatomy, Dietetics, Surgery of Stomach, etc. By JoHn C. HEm- 
METER, M.D., PHILOS.D., Clinical Professor of Medicine at the Baltimore 
Medical College, Consultant to the Maryland General Hospital, etc. 
With Colored and other Illustrations, many of which are original and 
have been specially prepared for this volume. Octavo, 778 pages. 

Cloth, $6.00; Leather, $7.00; Half Russia, $8.00 


*,* This work has been prepared with great care and forms the only com- 
plete practical text-book in the English language. The author brings to his 
own large experience a vast knowledge of the literature of the subject. His 
chief effort has been to furnish the general practitioner with a work from. 
which he can readily acquaint himself with all that has been done in this 
important branch of medicine, to fit himself to make examinations, to take 
advantage of new methods of diagnosis, and to treat this very difficult class 
of diseases rationally and successfully. 

The illustrations have been selected and engraved with great care. A num- 
ber of them are original; these have been drawn by the author or prepared 
by an artist under his immediate directions, and will, we believe, prove most 
satisfactory. 

Synopsis oF ConTrENTs.—Anatomy and Histology of the Stomach and 
Intestines—Physiology of Digestion—Pepsinogen and Pepsin—The Bile— 
Formed or Organized Ferments (Bacteria)— Effects of Digestive Secretions 
—Qualitative and Quantitative Methods for Testing the Motor, Secretory, and 
Absorptive Functions—Absorption from the Stomach—Methods for Determin- 
ing the Location, Size, and Capacity of the Stomach—Gastrodiaphany of Ein- 
horn—The Stomach-Tube and Technics of Its Introduction—Examination 
of Stomach Contents—Test-Meals—Methods for Qualitative and Quantita- 
tive Analysis of Stomach Contents—Tests for Blood in Stomach Contents— 
Examinations of Portions of Mucosa or Tissue Found in the Washwater 
and Vomited Matter—The Diagnostic Significance of Fragments of Mucosa 
and of Gastric Exfoliations and Neoplastic Tissue Occurring in the Washwater 
and Vomited Matter—Occurrence of Secretions in the Empty Stomach— 
Stimulations to Secretions of Gastric Juice—Chemical Examination of Gastric 
Juice—Quantitative Analysis of the Stomach Acids—Dietetics—Mechanical 
Methods of Treatment—Uses and Abuses of Mineral (Spring) Waters—Alcohol 
and Alcoholic Beverages, Effect on Digestion, etc. —Surgical Treatment of Gas- 
tric Diseases—Influence of Gastric Diseases on Other Organs and on Metabolism 
—The Influence of Diseases of Other Organs on the Stomach—Condition of 
the Urine in Gastric Diseases—Acute Gastritis—Chronic Gastritis—Gastric 
Ulcer—Carcinoma—Sarcoma of the Stomach—Syphilis of the Stomach— 
Tuberculosis of the Stomach—Ulcus Carcinomatosum, Cancerous Ulcer of the 
Stomach—Benign ‘Tumors—Atony—Motor _Insufficiency— Dilatation—Gas- 
troptosis, Prolapses of the Stomach—Nervous Affections of the Stomach—Neu- 
roses of Secretion—Neuroses of Motility. 


*,.* The Sections on Dietetics are exhaustive and particularly valuable to the 
general practitioner. 
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